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A  NOTABLE  JUBILEE 


(THE  EIGHTIETH  ANNIVERSARY  AND  FIFTY-FIFTH  YEAR  OF  SCIENTIFIC  ACTIVITY  OF 
ACADEMICIAN  A.  E.  ARBUZOV) 

A.  N,  Pudovik 

In  September  1957  the  chemical  community  of  our  country  marked  the  eightieth  anniversa^  and  fifty-fifdi 
year  of  scientific,  teaching,  and  public  activities  of  one  of  the  oldest  and  most  prominent  scholars  of  our  country. 
Academician  Aleksander  Erminigeldovich  Arbuzov,  who  was  twice  awarded  the  Stalin  Prize.  As  head  of  the  Kazan 
chemical  school  for  several  decades,  Arbuzov  continued  with  great  success  die  famous  tradition  establidied  by 
the  founders  of  this  school,  the  eminent  A.  M.  Butlerov  and  N.  N.  Zinin,  and  his  brilliant  investigations  greatly 
increased  its  fame. 

Owing  to  his  inexhaustible  interest  in  chemical  science,  his  endeavor  to  solve  the  problems  he  set  up,  his 
widest  scientific  understanding,  his  great  organizing  talent,  Arbuzov  succeeded  in  giving  to  Kazan  the  Arbuzov 
School  of  Organic  Chemists,  which  is  now  one  of  the  most  notable  world  chemical  schools  for  the  study  of  the 
chemistry  of  organic  phost^orus  compounds. 

A.  E.  Arbuzov  was  born  bn  August  31  (old  style),  1877  in  the  village  of  Arbuzovo-Baran  in  the  Kazan  Govern¬ 
ment.  After  finishing  at  the  First  Kazan  Gymnasium  in  1896,  Arbuzov  entered  the  natural  science  division  of 
the  physicomathematical  faculty.  Even  in  his  first  course,  when  he  heard  the  lectures  of  Professor  F.  M.  Flavitsky, 
Arbuzov  conceived  a  deep  interest  and  love  for  chemistry.  In  the  secondcburse,  when  he  had  finished  the  labora¬ 
tory  in  quantitative  analysis,  Arbuzov  began  experimental  work  under  the  direction  of  A.  Ya.  Bogorodsky,  investi¬ 
gating  a  titometric  method  for  determining  the  higher  degree  of  oxidation  of  manganese.  In  the  third  and  fourth 
courses,  under  the  influence  of  the  interesting  and  profound  lectures  of  A.  M.  Zaitsev,  Arbuzov  became  absorbed  in 
organic  chemistry  and  under  the  guidance  of  his  teacher,  he  began  his  first  experimental  work  on  the  synthesis 
of  allylmethylphenylcarbinol.  It  should  be  mentioned  here  that  Arbuzov  carried  out  the  synthesis  of  this  c(xn- 
pound  not  only  by  the  classical  Butlerov  “Zaitsev  method  using  organic  zinc  compounds,  but  also  by  the  new  Giig- 
nard  method  with  organomagnesium  compounds.  This  first  work  of  Arbuzov  was  published  in  1901  [1].  In  his 
student  years  Arbuzov  began  to  study  glass  blowing  and  soon  learned  it  well.  His  glass-blowing  art,  at  which  he 
became  adept,  helped  him  to  construct  a  wide  variety  of  original  vessels  and  apparatus  which  he  needed  for  his 
scientific  investigations  and  which  were  widely  known  and  accepted  among  organic  chemists. 

After  finishing  at  Kazan  University,  Arbuzov,  on  the  recommendation  of  Prof.  F.  M.  Flavitsky,  took  the 
position  of  assistant  to  the  chair  of  organic  chemistry  and  agricultural  analysis  in  the  Novo-Aleksandriya  Institute 
of  Agriculture  and  Forestry.  Here  he  worked  with  all  the  practical  classes  of  the  students,  served  as  lecture  assistant 
in  the  lectures  on  organic  chemistry,  and  undertook  the  establishment  of  a  laboratory.  Arbuzov  still  found  time 
for  scientific  work,  however.  At  the  suggestion  of  Prof.  F.  F.  Selivanov,  he  began  the  study  of  the  synthesis  of 
tertiary  butyl  acetic  acid.  This  turned  out  to  be  very  difficult  to  carry  out  experimenully,  and  in  spite  of  two 
years  of  persistent  work  he  did  not  succeed  in  obtaining  the  desired  substance.  At  the  same  time  Arbuzov  began 
to  prepare  for  his  Master's  examination.  While  reading  D.  I.  Mendeleev's  Tundamentals  of  Chemistry"  Arbuzov'^ 
keen  mind  noticed  the  confused  and  contradictory  data  in  the  literature  on  the  structure  of  [Bosphorus  acid  and 
its  organic  derivatives.  This  involved  and  complex  question  which  disturbed  die  minds  of  many  famous  chemists 
of  the  time  greatly  interested  Arbuzov  and  he  resolved  to  choose  it  as  the  field  for  his  own  investigations. 
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There  were  two  general  views  of  the  structure  of  phosphorus  acid  and  its  esters.  Based  on  a  study  of  the 
properties  of  the  salts  and  the  acid  and  neutral  esters  of  phosphorus  acid,  Wfirtz,  Michaelis,  and  Am  considered 
phosphorus  acid  to  be  dibasic,  with  pentavalent  phosphorus,  while  Graham,  Railton,  Wichelhaus,  Zimmerman, 
and  others  considered  it  to  be  tribasic,  with  trivalent  phosphorus.  The  same  uncertainty  existed  as  to  the  struc¬ 
ture  of  phosphite  esters.  Interesting  studies  had  been  made  on  the  structure  of  phosphorus  acid  by  Russian  chemists, 
N.  A.  Menshutkin  had  described  their  views  in  the  sixties  of  the  last  century  in  the  dissertation  *F1iosphorus  Acid 
Hydrogen  Which  is  Unavailable  for  Replacement  by  Metals  Under  Usual  Conditions  for  Acids."  The  study  of  the 
structure  and  properties  of  phosphorus  acid  was  carried  on  by  G.  G.  Gustavson  in  the  laboratory  of  D.  I.  Mendeleev 
and  by_F.  M.  Flavitsky  at  Kazan  University. 

A  number  of  circumstances  made  the  solution  of  the  interesting  and  important  question  of  the  structure  of 
phosphorus  acid  and  its  esters  difficult.  The  chief  of  these  were  the  ignorance  of  a  single  easy  method  for  con¬ 
verting  the  neutral  phosp>hites  into  acid  esters  and  the  absence  of  a  process  by  which  esters  of  phosphorus  acid 
could  be  prepared  in  a  pure  state.  In  this  connection  Arbuzov  himself  said  *.  .  .  Without  going  into  details,  I 
can  say  that  not  one  of  my  predecessors  In  obtaining  and  studying  esters  of  phosphorus  acid  with  organic  radicals 
knew  how  to  prepare  them.  As  I  later  showed,  they  described  as  these  compounds  what  were  mixtures  of  indefinite 
composition."  It  is  also  important  to  remember  that  before  Arbuzov  began  his  studies  most  chemists  did  not  con¬ 
sider  it  possible  to  extend  the  structural  theory  of  A.  M.  Butlerov  to  inorganic  substances.  This  was  because  many 
elements,  such  as  nitrogen,  phosphorus,  and  sulfur  in  distinction  to  carbon  have  different  valences  in  their  com¬ 
pounds. 

Being  a  firm  and  consistent  supporter  of  A.  M.  Butlerov's  structural  theory,  Arbuzov  decided  to  reject  ideas 
of  the  impossibility  of  using  it  for  inorganic  compounds  and  with  great  daring  and  energy  he  turned  to  the  difficult 
question  of  the  chemistry  of  phosphorus. 

Repeating  the  experiments  of  his  predecessors  on  the  synthesis  of  j^osphite  esters,  Arbuzov  conclusively 
showed  that  they  had  not  dealt  with  neutral  esters,  but  with  mixtures  of  these  with  dialkylphosphorus  acid  and 
esters  of  phosphoric  acid.  Arbuzov  worked  out  a  simple  and  reliable  method  of  synthesis  of  neutral  esters  of 
phosphorus  acid,  involving  the  action  of  [^losphorus  trichloride  on  dry  sodium  alcoholates.  With  the  pure  esters 
at  his  disposal,  Arbuzov  proceeded  to  explain  their  structure.  Even  the  first  experiments  on  the  action  of  bromine 
on  the  phosphite  esters  led  Arbuzov  to  conclude  that  phosphorus  was  trivalent  in  them.  Arbuzov  finally  solved 
this  question  by  studying  the  reaction  of  different  phosphorus  compounds  with  metal  salts.  He  succeeded  in 
showing  that  cup>rous  halides  give  complex  compounds,  usually  well  crystallized,  with  most  organic  compounds 
of  trivalent  phosphorus.  No  com|X)unds  of  pentavalent  phosphorus  react  with  cuprous  halides.  Thus  he  found  a 
universal  reagent  with  which  he  could  simply  and  clearly  solve  the  question  of  the  valence  of  phosphorus  in  its 
different  compounds.  Since  all  the  neutral  phosphites  gave  complex  compounds  with  cuprous  halides,  Arbuzov 
recogni2:ed  them  as  comp>ounds  of  trivalent  phosphorus.  Acid  phosphites,  and  phosphorus  acid  itself,  since  they 
gave  no  ccxnplex  compounds,  were  compounds  of  pientavalent  phosphorus.  Thus,  with  elegant  simplicity,  Arbuzov 
solved  the  question  of  the  structure  of  phosphorus  acid  and  its  compounds  —  a  question  important  for  chemistry. 

Later  studies  made  by  Arbuzov  and  his  students  as  well  as  studies  by  other  scholars  fully  confirmed  the 
truth  of  Arbuzov's  conclusions,  made  more  than  a  half  century  before. 

To  explain  the  reason  for  the  isomerization  of  the  neutral  esters  of  phosphorus  acid  from  trivalent  phos¬ 
phorus  into  compounds  of  pentavalent  phosphorus  Arbuzov  made  a  notable  discovery  —  he  found  that  such  a  trans- 
formatitxi  can  occur  under  the  influence  of  alkyl  halides.  The  isomerization  proceeds  even  in  the  presence  of 
small  amounts  of  alkyl  halide  so  that  Arbuzov  could  treat  the  process  as  catalytic.  As  a  result  of  the  isomeriza¬ 
tion  die  whole  esters  of  phosphorus  acid  were  transformed  into  esters  of  phosphinic  acid.  Arbuzov  considered  this 
process  as  proceeding  in  two  stages.  In  the  first  phase  the  phosphite  ester  and  the  alkyl  halide  gave  die  unstable 
complex. 


/OR  /O 

R-Hal -4- P(OR)r,  -►  >P^OR  ->  RHal -4-R-P^(OR)2 
HaK  \OR 


which  quickly  broke  down  with  formation  of  alkyl  halide  and  the  ester  of  alkyl  phosphinic  acid. 
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Thus  by  the  action  of  methyl  iodide  on  trimethyl  i^osphite,  he  obtained  the  dimethyl  ester  of  mediylphoi- 
I^iinic  acid,  and  from  triethyl  phosphite  and  ethyl  iodide  the  diethyl  ester  of  ethylphosf^inic  acid.  The  reaction 
went  smoothly  and  quantitatively  at  room  temperature  or  with  slight  heating.  Arbuzov  further  showed  that-the 
regrouping  also  occurred  when  the  radical  of  the  alkyl  halide  differed  from  the  phosphite  radicals.  In  the  reac¬ 
tion  of  trlethyl  phosphite  with  methyl  iodide  or  widi  propyl  bromide  he  obtained  the  diethyl  esters  of  methyl- 
or  propylphosphinic  acids,  respectively.  Thus  he  ^owed  that  isomerization  of  the  phosphite  esters  under  the  in¬ 
fluence  of  alkyl  halides  could  serve  as  a  simple  method  for  the  synthesis  of  different  phosphinic  esters.  This 
famous  reaction  was  later  called  the  Arbuzov  rearrangement. 

Arbuzov  showed  the  truth  of  his  mechanism  of  the  rearrangement  by  the  example  of  the  thermal  decom¬ 
position  of  a  substance  which  was  stable  under  ordinary  conditions,  the  product  of  combination  of  methyl  iodide 
and  triphenyl  phosphite  which  had  been  obtained  earlier  by  Michaelis  and  Jene.  As  a  result  of  the  decomposi¬ 
tion  he  obtained  iodobenzene  and  phenyl  methylphosphinate. 

With  the  help  of  this  mechanism  Arbuzov  explained  the  course  of  the  reaction  of  esters  of  phosphorus  acid 
with  hydrogen  chloride.  Before  Arbuzov's  wcnrk  it  was  not  clear  how  the  action  of  water  or  alcohol  on  phosphorus 
trichloride  formed  derivatives  of  pentavalent  phosphorus  —  phosphorus  acid  and  its  acid  esters.  Many  chemists 
continued  to  consider  the  possibility  of  the  existence  of  phosphorus  acid  in  a  trihydroxy  form. 

When  he  studied  the  action  of  hydrogen  chloride  on  triethyl  phosphite,  Arbuzov  showed  that  ethyl  chloride 
and  diethylphosphorus  acid  were  formed,  that  is,  the  same  products  as  were  formed  by  the  direct  action  of  alcdiol 
on  phosphorus  trichloride.  Arbuzov  represented  the  mechanism  by  the  following  scheme: 


PCI3-1-3ROH  ^  P(OR)3-i-3HC1 


HCl  ■+■  P(0R)3 


/OR 
>PeOR 
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H 


\ 
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P^OR 
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Since  the  transformation  of  the  neutral  into  the  acid  ester  occurred  with  great  ease  by  the  action  of  hydro¬ 
gen  chloride,  it  became  easily  understandable  why  the  action  of  phosphorus  trichloride  on  alcohol  did  not  give 
the  neutral  ester  but  instead,  clearly  enough,  why  the  chief  reaction  product  was  the  acid  ester. 

Arbuzov  considered  as  analogous  the  formation  of  phosphorus  acid  from  phosphorus  trichloride  and  water. 


PCI3-1-3HOH  -»•  P(0H)3H-3HCI 


HCl  -+-  P(0H)3 


H.  /OH 
......  yp^OH 

'c'r  N>iH! 


HCI-*-^P(0H)2 


On  the  basis  of  these  studies  Arbuzov  drew  a  very  important  conclusion  as  to  the  instability  of  compounds 
which  contained  hydroxyl  on  trivalent  phosphorus,  and  as  to  their  tendency  to  change  into  the  isomeric  compounds 
of  pentavalent  {rfiosphorus  which  were  more  stable  thermodynamically.  In  Arbuzov’s  opinion,  hydroxyl  compounds 
of  trivalent  phosphorus  could  be  classed  from  their  properties  and  behavior  as  of  the  same  type  as  vinyl  alcohol, 
if  ".  .  .  the  double  bond  on  the  carbon  atom  is  compared  to  the  free  affinities  of  the  trivalent  phosphorus.*  * 

These  studies,  which  were  carried  out  with  such  brilliance  and  elegance  and  which  solved  with  clarity  and 
completeness  the  important  question  of  the  chemistry  of  phosphorus,  were  combined  and  published  by  Arbuzov, 
as  a  monograph  with  the  title  "The  Structure  of  Phosphorus  Acid  and  Its  Compounds”  [2].  He  presented  it  as  a 
dissertation  for  the  degree  of  Master  of  Chemistry  and  successfully  defended  it  at  Kazan  University  in  1905,  die 
work  attracting  the  attention  of  many  famous  chemists  of  the  time.  Because  of  the  extreme  Importance  of  this 
investigation,  the  Russian  Ihysicochemical  Society  awarded  the  dissertation  the  Zinin  and  Voskresensky  Prize. 
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In  1906  after  the  retirement  of  F.  F.  Selivanov,  Arbuzov  was  chosen  by  die  Senate  of  die  Novo-Aleksandrlya 
Institute  as  adjunct  professor  In  the  chair  of  organic  chemistry  and  agricultural  analysis.  Arbuzov  continued  to 
work  chiefly  In  the  field  of  phosphorus  chemistry  but  he  also  showed  great  Interest  In  other  branches  of  organic 
chemistry.  In  the  period  from  1907-1914  Arbuzov  and  his  students  carried  on  Interesting  and  extensive  Investi¬ 
gations  on  the  structure  and  reactions  of  esters  of  sulfurous  acid,  the  synthesis  of  acetals,  and  the  catalytic  decom¬ 
position  of  arylhydrazones  of  aldehydes  and  ketones.  All  these  studies.  In  spite  of  their  apparent  diversity,  were 
actually  closely  connected  with  the  previous  work  of  Arbuzov. 

Observing  the  analogy  between  phosphorus  and  sulfurous  acids  and  their  esters,  Arbuzov  remarked  [3]  that 
”.  .  .  just  as  with  phosphorus  acid  diere  are  two  series  of  esters  *-  esters  corresponding  to  tilhydroxyphosphorus  acid 
and  esters  corresponding  to  alkyl  phosphlnic  acid,  so  for  sulfurous  acid  there  are  also  two  series  of  esters  —  esters 
corresponding  to  dihydroxysulfurous  acid,  and  esters  of  alkyl  sulfonic  acid.* 


In  developing  his  previous  studies  Arbuzov  was  most  interested  in  the  question  of  whether  esters  of  sulfurous 
acid  contained  tetravalent  sulfur  and  could  react  by  combination  and  isomerization. 

Arbuzov  found  that  ethyl  sulfite  was  easily  saponified  by  solutions  of  dilute  or  concentrated  alkali.  When 
he  studied  the  products  immediately  after  saponification  he  found  potassium  sulfite,  but  when  he  studied  them 
after  a  delay  he  found  the  anomalous  {voduct,  potassium  ethyl  sulfonate.  The  mechanism  of  this  interesting  re¬ 
arrangement  was  not  explained.  Of  the  different  esters  of  sulfurous  acid  only  the  methyl  ester  showed  the  ability 
to  Isomerlze  when  heated  with  methyl  iodide,  giving  the  ester  of  methyl  sulfonic  acid: 


(CH30)2S=0 


The  difficulty  in  the  isomerization  of  the  esters  was  evidently  related  to  their  slight  ability  to  undergo  the 
addition  reaction. 

The  work  of  Arbuzov  with  P.  S.  Pishchimuka  [4]  was  devoted  to  methods  for  improving  die  preparation  of 
aliphatic  sulfonic  acids;  in  the  work  with  A.  V.  Kartashev  [5]  he  considered  the  question  of  the  existence  of  iso¬ 
mers  of  sulfurous  acid  double  salts. 

An  interesting  study  was  carried  out  by  Arbuzov  on  the  synthesis  of  ketals  from  orthoformic  ester  >  In  spite 
of  the  data  of  Claisen,  Arbuzov  established  [6]  that  in  ether  solution  orthoformic  ester  and  ketones  did  not  react 
with  each  other.  Formation  of  ketals  proceeded  easily  in  the  presence  of  ethyl  alcohol  or  small  amounts  of  mineral 
acid  which  were  thus  typical  catalysts  for  diis  reaction.  Ketals  from  alij^atic  ketones  were  formed  most  easily 
by  dlls  mediod,  from  aliphatic-aromatic  or  aromatic  ketones  with  greater  difficulty,  and  from  cyclic  ketones 
with  die  greatest  difficulty  of  all.  Most  cyclic  ketones  did  not  form  ketals  widi  orthoformic  ester,  but  only  the 
products  of  their  decomposition,  alcohol  and  esters  of  unsaturated  alcdiols.  Later,  Arbuzov  investigated  the  syn- 
diesis  of  acetals  of  camphor  [7]  and  cyclohexanone  [8]  and  studied  some  of  their  transformations. 

When  studying  the  decompxisition  of  aryl  hydrazones  of  aldehydes  and  ketones  [9],  Arbuzov  showed  con¬ 
clusively  that  the  reaction  of  E.  Fischer  was  catalytic  and  required  for  its  occurrence  the  presence  of  only  sli^t 
amounts  of  zinc  chloride  and  not  equimolecular  amounts  as  E.  Fischer  had  recommended.  As  catalysts  for  the 
Fischer  reaction  Arbuzov  used  cuprous  halides  which  had  already  served  him  so  well  in  studying  the  structures 
of  phosphorus  compounds.  Arbuzov  found  that  the  decomposition  of  the  hydrazones  went  differently  depending 
on  die  size  of  die  carbonyl  residue:  with  small  radicab  indoles  were  formed,  and  with  large  radicab,  nitriles 
were  preferentially  formed. 

Arbuzov  continued  and  developed  his  investigations  in  these  fields  in  later  years. 
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In  1911  after  die  death  of  A.  M.  Zaitsev,  Arbuzov  was  chosen  in  an  All-Russian  competition  of  the  Senate 
of  Kazan  University  to  take  up  the  duties  of  extraordinary  professor  of  organic  chemistry.  Following  the  tradition 
of  his  brilliant  predecessors  in  this  chair,  A.  M.  Butlerov,  N.  N.  Zinin,  V.  V.  Markovnikov,  and  A.  M.  Zaitsev, 
Arbuzov  quickly  developed  the  scientific  work  in  the  laboratory,  attracting  to  it  all  his  co-workers,assistants, 
and  students.  The  laboratory  space  was  enlarged  and  reconstructed,  electricity  was  introduced,  drainage  was 
constructed,  etc.  The  intensity  and  sweep  of  the  scientific  activities  of  the  laboratory  are  shown  by  die  fact  that 
in  1913  more  than  ten  works  appeared  from  it.  Of  these  we  may  note  *The  Question  of  the  Action  of  Bromine 
on  Ether,"  a  very  exact  and  excellent  example  of  experimental  apparatus  [10]  and  "Isobutyl  Esters  of  Phosphorus 
Acid,”  in  which  an  ingenious  change  of  method  led  to  obtaining  pure  esters  [11]. 

The  chief  theme  of  Arbuzov's  work  in  all  these  years  continued  to  be  the  study  of  organophosphorus  com¬ 
pounds.  The  opinions  and  ideas  so  brilliantly  expressed  in  his  Master's  dissertation  were  expanded  and  deepened. 

In  1914  Arbuzov  finidied  his  doctoral  dissertation  and  presented  it  to  the  Senate  of  Kazan  University:  "Catalytic 
Effects  in  the  Field  of  Reactions  of  Some  Ihosphorus  Compounds”  [12].  In  this  great  monograph  Arbuzov  described 
his  experimental  studies  in  condensed  form,  but  at  the  same  time  with  a  full  survey  of  studies  on  catalytic  pheno¬ 
mena.  Arbuzov,  an  adherent  of  the  chemical  theory  of  catalysis,  showed  conclusively  that  all  isomerizations  of 
trivalent  phosphorus  comp>ounds  into  pentavalent  substances  proceeded  through  die  formation  of  unstable  inter¬ 
mediates  which  broke  down  during  the  reaction.  Arbuzov  came  out  against  the  view  of  Ostwald  who  considered 
only  the  energetics  as  important  in  catalytic  processes. 

In  the  development  of  the  study  begun  in  the  Master's  dissertation  Arbuzov  made  a  deep  and  many-sided 
investigation  of  the  isomerization  of  esters  of  phosphorus  acid  with  different  radicals,  and  also  of  esters  of  {Aienyl- 
phosj^inic  and  diphenylphosphinic  acids  and  their  sulfur  analogs.  Arbuzov  showed  that  all  these  compounds  which 
contained  trivalent  phosphorus  isomerized  in  the  presence  of  alkyl  halides  into  compounds  of  pentavalent  phos- 
{^orus.  As  the  alkoxyl  groups  in  the  f^bsfhite  esters  were  replaced  by  phenyl  radicals,  the  speed  of  isomeriza¬ 
tion  increased  considerably.  Arbuzov  took  account  of  tlie  fact  that  triphenyl  {^losphine  has  a  strong  tendency 
toward  addition  reactions  and  can  be  considered  as  the  last  member  of  the  given  series,  and  so  he  exj^essed  the 
interesting  idea  of  a  direct  relation  between  the  rate  of  isomerization  of  phosj^ite  esters  and  their  ability  to 
undergo  addition  reactions.  An  experimental  test  of  this  theory  by  the  example  of  the  addition  of  sulfur  to  phos¬ 
phites  fully  confirmed  Arbuzov's  ideas.  Addition  of  sulfur  to  the  isobutyl  ester  of  diphenylphosphinic  acid  occurred 
with  the  greatest  speed;  the  diisobutyl  ester  of  j^enylphosphinic  acid  added  it  mwe  slowly,  and  triisobutylphos- 
phite  added  it  most  slowly  of  all.  As  a  result  of  isomerizations  of  different  esters  of  phenyl-  and  diphenylphos¬ 
phinic  acids,  Arbuzov  obtained  different  phosphine  oxides. 
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Analogous  esters  of  diphenylthioi^osphinic  acid  isomerized  into  the  craresponding  sulfides. 

Arbuzov  conducted  a  careful  [^ysicochemical  study  to  explain  the  effect  of  temperature,  nature  of  radicals 
in  the  ester  groups,  and  halogens  of  the  alkyl  halides  on  the  rate  of  isomerization. 

As  for  ordinary  chemical  reactions,  the  rate  of  the  catalytic  isomerizations  of  the  phosphite  esters  increased 
noticeably  with  temperature.  As  the  radicals  of  the  esters  changed  from  light  to  those  with  greater  molecular 
weight  the  rate  of  isomerization  fell.  The  most  active  catalysts  for  the  isomerization  were  the  alkyl  iodides; 
die  least  active  were  the  chlorides. 

In  concluding  his  work,  Arbuzov  showed  diat  saponification  of  the  phosphite  esters  in  the  presence  of  water 
to  dialkylj^osphinic  acids  was  a  catalytic  process.  A  very  small  amount  of  mineral  acid  served  as  the  catalyst. 

P(0C2H5)3-*-H0H  (C2H50)2P<^°-hC2H50H 
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Thus  by  his  experimental  studies  of  die  chemistry  of  organic  phosphorus  compounds,  generalized  in  his 
Master’s  and  Doctor's  dissertations,  Arbuzov  solved  a  series  of  basic  and  important  questions  concerning  the  struc¬ 
ture  and  reactivity  of  pliosphorus  and  phosphinic  acids  and  their  esters  and  laid  (he  foundation  for  further  extended 
Investigations  in  this  field  of  chemistry  so  little  known  up  to  then. 

The  scientific  activities  of  Arbuzov  became  especially  wide  and  fmitful  after  the  Great  October  Socialist 
Revolution  which  supplied  all  the  conditions  needed  for  successful  development  of  science  in  our  country.  Arbuzov 
considered  die  need  and  demand  to  restore  the  national  economy,  and  in  the  first  years  after  the  revolution  con¬ 
ducted  a  series  of  investigations  to  aid  native  industry.  He  worked  out  a  method  of  obtaining  water-soluble  nigro- 
sine  pigments  which  were  needed  for  the  tanning  industry  and  a  small  factory  was  organized  under  his  direction 
to  produce  these  pigments. 

Arbuzov  made  an  interesting  and  practical  investigation  on  the  synthesis  of  furfurol  from  agricultural  wastes 
which  led  to  working  out  a  simple  method  for  obtaining  this  technically  important  product  [13].  It  is  impossible 
not  to  note  the  work  of  Arbuzov,  interesting  both  from  a  theoretical  and  practical  viewpoint,  on  the  chemical 
composition  of  pine  resins  and  the  methods  he  worked  out  for  their  practical  use  [14].  Besides  the  composition 
of  galipot  resin,  he  also  studied  the  mechanism  of  its  flow,  and  he  determined  the  great  pressures  in  a  system  of 
moving  resin  with  a  mercury  manometer.  This  work  of  Arbuzov  had  great  value  in  the  organization  of  the  tur¬ 
pentine  industry  in  our  country. 

Along  with  his  intensive  scientific  and  teaching  activities  Arbuzov  spent  much  time  and  strength  in  ad¬ 
ministrative  and  organizational  work.  He  took  an  active  part  in  1930  in  die  creation  of  the  Kazan  Chemicotechno- 
logical  Institute  and  organized  the  chair  of  organic  chemistry  in  it.  After  the  organization  in  1929  of  the  A.  M. 
Butlerov  Chemical  Scientific  Research  Institute  at  Kazan  University,  Arbuzov  became  its  permanent  director. 

Owing  to  his  great  organizing  talent  and  energy,  the  Institute  became  a  great  chemical  research  center  soon 
after  its  founding.  After  the  opening  of  the  Kazan  branch  of  the  Academy  of  Sciences  in  1945  Arbuzov  became 
Chairman  of  its  Residium  and  Director  of  the  chemical  institute.  In  this  institute,  Arbuzov  organized  the  labora¬ 
tory  of  organic  chemistry  which  undertook  the  study  of  the  chemistry  of  organic  phosphorus  compounds. 

In  his  long  years  of  work  in  Kazan  University,  in  the  Chemicotechnological Institute,  and  the  Kazan  branch 
of  the  Academy  of  Sciences,  Arbuzov  trained  a  great  number  of  students  who  worked  fruitfully  with  their  teacher 
to  develop  Soviet  science. 

In  this  short  paper,  it  remains  possible  to  present  only  the  important  basic  scientific  directions  explored  by 
Arbuzov  and  his  co-workers  and  to  mention  some  of  the  more  interesting  investigations  carried  out  in  the  last 
forty  odd  years. 

In  many  studies  Arbuzov  continued  to  develop  the  investigations  begun  in  his  Master's  and  Doctor's  disserta¬ 
tions.  In  work  with  A.  V.  Kartashev,  molecular  compounds  of  ethyl  phosphite  with  silver  halides  were  described 
[15];  with  A.  A.  Ivanov  he  studied  questions  connected  with  the  synthesis  of  isobutyl  phosphite  and  gave  a  new 
method  for  obtaining  it  [16];  in  work  with  G.  Kh.  Kamai  [17]  and  A.  I.  Razumov  [18]  he  continued  to  study  the 
chemical  properties  of  esters  of  phenylphosphorus  and  phenylphosphinic  acids. 

Especially  interesting  and  important  was  the  work  carried  out  by  Arbuzov  on  the  further  study  of  the  re¬ 
arrangement  of  phosphites.  In  this  study  Arbuzov  and  his  studehts  showed  that  not  only  alkyl  halides  could  cause 
the  Arbuzov  rearrangement,  but  also  esters  of  halogen  substituted  acids,  haloketones,  and  other  halogen  compounds. 

In  the  work  of  Arbuzov  with  A.  A.  Dunin  [19],  carried  out  even  in  1914,  he  studied  die  reaction  of  triediyl 
phosphite  with  chlorinated  esters,  bromoacetates,  esters  of  a-bromopropionic  acid  orS -iodopropionic  acid,  and 
carried  out  the  saponification  to  the  free  acid  of  the  esters  of  the  phosphonocarboxylic  acids  which  he  had  syn¬ 
thesized.  The  esters  of  the  phosphonocarboxylic  acids  were  very  interesting  compounds,  very  similar  in  their 
properties  to  malonic  and  cyanoacetic  esters.  The  action  of  metallic  sodium  on  die:s  esters  resulted  in  substi¬ 
tution  of  the  hydrogen  in  the  methylene  group  by  the  metal;  the  action  of  alkyl  halides  on  the  metallic  com¬ 
pounds  formed  alkyl  derivatives  of  the  phosphonocarboxylic  esters  [20].  In  studying  this  reaction,  Arbuzov  and 
A.  I.  Razumov  noticed  that  the  halogen  salts  precipitated  in  quantities  half  as  great  as  theory  required.  This 
finding  led  the  authors  to  express  an  interesting  opinion  of  the  possible  existence  of  the  i^osphonocarboxylic 
esters  in  tautomeric  forms  [21,  22].  As  a  result  of  the  Arbuzov  rearrangement  of  phosphite  esters  with  bromo- 
acetophenone,  Arbuzov  and  Razumov  obtained  phosphoacetophenone,  the  first  example  of  the  phosj^oketone 
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series  [23],  Ftiosphoacetophenone  contained  an  active  tnediylene  group,  since  (like  the  phosphonoacetic  esters) 
it  easily  formed  metallic  derivatives. 

In  the  work  "The  Mechanism  of  the  Double  Decomposition  of  Metallic  Compounds"  [24],  Arbuzov  concluded 
that  there  was  a  great  similarity  in  the  reactions  of  metallic  derivatives  of  dialkylphosphorus  acid,  keto-enols, 
and  lactim- lactams  with  halogen  derivatives  of  ttiaryl  methanes  and  halogen  derivatives  of  malonic  ester,  and 
he  considered  it  possible  to  put  into  one  series  the  study  of  the  following  groupings 
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However,  considering  the  great  difficulties  encountered  in  studying  tautomeric  effects  by  purely  classical 
means,  Arbuzov  in  the  conclusions  of  his  work  mentioned  the  need  for  drawing  on  physicochemical  methods  in 
solving  such  questions.  In  his  work  with  M.  I.  Batuev  and  V.  S.  Vinogradov  [25]  by  a  method  of  refraction  he 
succeeded  in  showing  that  dialky Iphosfhorus  acid  in  the  liquid  state  exists  as  a  mixture  of  two  tautomeric  forms 
with  a  great  predominance  of  the  form  with  pentavalent  phosphorus. 

The  tendency  of  Arbuzov  to  use  both  chemical  and  physicochemical  methods  in  solving  some  theoretical 
question  was  shown  in  many  of  his  wo  rks. 


Here  we  mention  the  work  "Irreversible  Endothermal  Chemical  Processes,"  in  which  Arbuzov  studied  the 
kinetics  of  hydrolysis  of  ketone  acetals  [26];  the  work  on  compounds  of  ether  with  bromine  [10]  where  he  used 
a  colorimetric  method  to  study  the  possible  existence  at  ordinary  temperature  of  diethyl  ether  dibromide;  the 
work  carried  out  with  A.  A.  Ivanov  [27],  to  determine  the  atomic  refraction  of  phosphorus  in  esters  of  phosf^iorus , 
phosphonic,  and  phosphoric  acids;  the  study  with  P.  I.  Rakov  [28]  to  determine  the  dipole  moments  of  different 
types  of  organic  phosphorus  compounds,  and  a  series  of  others  [29].  In  all  these  studies  Arbuzov  appears  to  us  not 
only  as  an  excellent  organic  chemist,  but  as  a  notable  physical  chemist,  using  physical  methods  with  great  skill 
for  the  study  of  organic  compounds,  showing  great  inventive  capacity  and  originality  in  designing  apparatus  for 
conducting  his  planned  experiments.  Acquaintance  with  the  work  of  Arbuzov  shows  his  great  keenness  of  obser¬ 
vation,  faultless  accuracy  and  originality  in  setting  up  experiments,  as  well  as  his  critical  consideration  of  ex¬ 
perimental  data  and  conclusions. 


An  interesting  Investigation  was  carried  out  by  Arbuzov  on  compounds  which  contained  an  asymmetrical 
phosphorus  atom.  In  1911  Meisenheimer  and  Lichtenstadt  first  succeeded  in  resolving  jiienylmethylethylphosphine 
oxide  and  methylphenylbenzylphosphine  oxide  into  enantiomorphs  [30].  All  attempts  to  resolve  asymmetrical 
hydroxyl  compounds  of  phosphorus  failed  (Kipping,  Pope,  and  Gibson).  A.  E.  and  B.  A.  Arbuzov  considered  the 


existence  of  optically  active  forms  of  {Bosphorus  compounds  with  the  groups 
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to  be  possible  and  began  the  study  of  phosphonocarboxylic  acids  of  the  general  type  R1R2P 
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where  one  of  the  radicals  Rj  or  R2  contained  the  carboxyl  group  [31].  Using  their  earlier  method  they  synthesized 
phenyl{^osphonoacetic  and  phenyl-a-phosi^onopropionic  acids  and  tried  to  resolve  them  through  the  zinc  salts. 
The  experiments  did  not  give  positive  results.  Arbuzov  and  G.  Kh.  Kama!  [32]  failed  to  resolve  compounds  of 
the  general  type  RjRjPSfOH)  and  RjRjPSfSH), 


Among  the  studies  of  Arbuzov  which  were  most  important  bodi  in  results  and  especially  in  consequences 
was  the  investigation  designed  to  explain  the  structure  of  the  acid  chloride  6f  Boyd,  carried  out  with  B.  A.  Arbuzov 
[33].  In  1923  Boyd  [34]  treated  an  excess  of  phosphorus  trichloride  with  triphenyl  carbinol  and  obtained  a  com¬ 
pound  which  he  thought  was  a  derivative  of  trivalent  phosphorus  (CjHjljC— O— PCI2.  This  acid  chloride,  however, 
in  distinction  to  the  well-known  acid  chloride  studied  earlier  by  Menshutkin  RO—  PCI2  (where  R  is  alkyl  or  aryl), 
was  especially  stable  to  the  action  of  air,  water,  and  even  caustic  alkalis.  When  the  acid  chloride  was  saponified 
by  alcoholic  potassium  hydroxide  it  did  not  give  the  trii^enylmethyl  ester  of  {Bosphorus  acid,  as  would  be  ex¬ 
pected  from  the  structure  assumed  by  Boyd,  but  triphenylmethyl  phosi^iinlc  acid.  According  to  Boyd,  the  hydrolysis 
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was  accompanied  by  a  molecular  rearrangement  consisting  of  the  shift  of  the  triphenylmethyl  group  from  oxygen 
to  phosphorus  and  the  change  of  phosphorus  from  trivalcnt  to  pentavalent.  A  critical  consideration  of  Boyd's 
theoretical  structure  led  Arbuzov  to  a  justified  doubt  of  Boyd's  idea  of  the  acid  chloride  structure.  Arbuzov  ex¬ 
pressed  die  opinion  that  Boyd’s  compound  had  a  different  structure  and  contained  pentavalent  phosphorus  bound 

o 

directly  to  the  carbon  of  the  triphenylmethyl  radical  (CbH6)3  C-P61.,  To  decide  this  question,  A.  E. 

and  B.  A.  Arbuzov  undertook  the  synthesis  of  esters  of  trlphenylmethylphosphlnic  acid  starting  from  triphenyl- 
bromomethane,  trialkyl  phosphites  and  sodium  dialkylphosphlte,  and  also  the  synthesis  of  phosphite  esters  starting 
from  Boyd's  acid  chloride  and  alcoholates.  Comparison  of  the  properties  of  the  esters  obtained  by  the  different 
methods  would  solve  the  question  of  the  structure  of  Boyd’s  acid  chloride.  The  experiments  showed  that  the  pro¬ 
perties  of  Boyd's  comptound  were  those  of  a  substance  with  pentavalent  phosphorus,  although  a  final  solution  of 
the  problem  was  not  reached.  Attempts  to  replace  both  atoms  of  chlorine  in  Boyd’s  acid  chloride  by  ethoxy  groups 
failed;  in  all  cases  only  one  atcmi  of  chlorine  was  replaced  by  an  ethoxy  group.  The  action  of  phosphite  esters 
on  triphenylbromomethane  gave  methyl  or  other  (up  to  Isubutyl)  esters  of  trlphenylmethylphosj^inic  acid.  Saponi¬ 
fication  of  die  chloroesters  obtained  from  Boyd's  acid  chloride  and  esters  of  trip^enylmethylphosphinic  acid  gave 
the  same  triphenylmediylphosphinic  acid.  Later  the  structure  of  the  acid  chloride  as  a  compound  of  pentavalent 
phosphorus  was  finally  established  by  Hatt,  one  of  Boyd’s  students. 

While  studying  the  reactions  of  Boyd’s  acid  chloride,  A.  E.  and  B.  A.  Arbuzov  made  a  very  Important  dis¬ 
covery.  They  showed  that  the  reactions  of  triphenylchloromethane  and  trijrfienylbromomethane  with  sodium  dl- 
ethylphosphite  went  entirely  differently.  In  the  first  case  they  obtained  the  diethyl  ester  of  triphenylmethylphos- 
phinic  acid,  identical  with  that  obtained  earlier  from  triphenylchloromethane  and  triethylphosphite,  while  in  the 
reaction  with  triphenylbromomethane  they  obtained  the  completely  unexpected  triphenylmethyl  peroxide.  When 
diey  ran  the  reaction  in  ether  solution  in  a  stream  of  nitrogen  they  obtained  a  good  yield  of  ’’trij^enylmethyl’’ 
as  its  ether  complex.  Thus  A.  E.  and  B.  A.  Arbuzov  discovered  a  new,  very  interesting,  and  elegant  method  for 
obtaining  free  radicals  [35]. 

(CgHslaCBr -I-  NaOP(OR)2  -►  (QHslnC  •  -*-(Ro)2PO  •  -»-NaBr 

When  they  replaced  triphenylbromomethane  by  dlphenyl-a-naphthylbromomethane  they  obtained  dij^enyl- 
a-naphthylmethyl. 

The  reaction  of  sodium  diethylphosphite  with  bromomalonic  ester  evidently  abo  proceeded  throu^  a  free 
radical  step;  as  the  chief  reaction  product  was  obtained  an  ester  of  ethane  tetracarboxylic  acid  [36].  Obtaining 
free  radicab  by  the  Arbuzov  method  is  so  simple  and  cheap  that  it  makes  this  reaction  widely  available  for  lec¬ 
ture  demonstrations. 

Potassium,  lithium,  rubidium  and  cesium  dialky Iphosphites  abo  give  free  radicals  with  triarylmethyl  bro¬ 
mides.  The  silver  salts  behave  differently.  When  the  reaction  is  run  with  silver  dialkylphosphites  which  contain 
different  radicab  and  triphenylmethyl  chloride  is  used,  it  always  gives  a  mixture  of  esters  of  the  general  type 
(CgHsljC— O— P(OAlk)2.  The  analogous  reaction  with  trif^enylbromomethane  leads  to  formation  of  triarylmethyl- 

phosphinic  acids  (C6H6)3C— P'^(OAlk)2  • 

The  question  of  the  fate  of  the  part  which  contains  phosphorus  in  free  radical  formation  b  of  great  interest. 
Attempts  to  separate  the  phosphorus-containing  part  from  the  products  of  reaction  of  triphenylmethyl  bromide 
and  sodium  diethylphosphite  did  not  succeed  due  to  experimental  difficulties.  Considering  that  the  phosphonic 
radicab  formed  in  the  reaction  were  not  capable  of  long  exbtence  and  when  they  dimerized  were  most  probably 
converted  to  ethyl  subphosphate,  A.  E.  and  B.  A.  Arbuzov  began  to  study  the  action  of  bromine  onsodium  diethyl¬ 
phosphite  [37].  In  this  reaction  they  expected  the  formation  of  esters  of  hypof^osphoric  acid  without  any  by¬ 
products  as  impurities. 

2(C2H50)2PONa -H  Br2  —*  ((C2H50)2P0]2  ■+- 2NaBr 
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However,  careful  and  repeated  trials  showed  that  the  reaction  was  very  complex  and  besides  die  formation 
of  subphosphate  esters,  which  were  the  chief  products,  led  to  ethyl  esters  of  pyrophosfdioric,  pyrof^osphorus,  phos¬ 
phoric  and  phosphorus  acids.  A.  E.  and  B.  A.  Arbuzov  distilled  them  repeatedly  in  a  vacuum  from  a  special  appa¬ 
ratus  invented  and  constructed  by  Arbuzov  and  for  the  first  time  iseparated  pure  esters  of  hypophosphoric,  pyro- 
phosphoric,  and  pyrophosphorus  acids,  studied  their  different  reactions,  and  established  the  mechanism  of  their 
formation.  The  significance  of  this  investigation  becomes  clear  if  we  mention  diat  although  hypophosphoric 
acid  had  been  known  since  the  time  of  Pelletier  (1792)  and  its  esters  were  first  described  by  Zenger  (1886),  this 
compound  had  never  been  obtained  pure  before  the  work  of  the  Arbuzovs,  and  the  question  of  its  structure  re¬ 
mained  open.  There  was  also  very  little  information  in  the  literature  about  esters  of  pyro{^osphoric  acid:  they 
were  described  as  viscous,  nondistilling  liquids  (Cavalier)  whose  constants  were  not  determined.  Esters  of  pyro¬ 
phosphorus  acid  were  not  known  at  all  before  the  work  of  the  Arbuzovs. 

The  reaction  of  sodium  diethylphosphite  with  chlorine  was  very  interesting  [38].  Aside  from  the  expected 
hypo|^osphoric,  the  chief  reaction  product  was  ethyl  pyrophosphate  and  in  small  amount  they  obtained  the  acid 
chloride  of  diethylj^osphorus  acid.  Compounds  of  the  type  (ROljPCl,  as  distinct  from  the  acid  chlorides  ROPCI2 
obtained  earlier  by  Menshutkin  and  already  well  studied,  had  not  been  known  before  the  work  of  the  Arbuzovs. 

The  action  of  the  acid  chloride  of  diethylphosphorus  acid  on  sodium  diethylj^osphite  gave  ethyl  pyroi^osphite. 
Further  study  of  this  interesting  compound  was  carried  on  by  Arbuzov  and  his  co-workers  A.  I.  Razumov  [39], 

V.  S.  Abramov  [40],  and  P.  I.  Alimov  [41]  in  later  years.  An  especially  wide  range  of  studies  of  esters  of  hypo¬ 
phosphoric,  pyrophosphoric,  and  pyrophosphorus  acids  was  carried  out  under  the  direction  of  Arbuzov  in  the  Kazan 
branch  of  the  Academy  of  Sciences  of  the  USSR.  These  studies,  begun  in  1946,  have  been  successfully  continued 
until  the  present.  Many  of  the  compounds  which  have  been  synthesized  have  shown  very  interesting  and  valuable 
properties  as  insecticides  and  physiologically  active  substances. 

Arbuzov  and  his  co-workers  have  carefully  worked  out  improved  methods  of  synthesis  of  ethyl  pyro{^os[4iates 
and  have  studied  its  chemical  properties.  This  compound,  first  obtained  by  A.  B.  and  B.  A.  Arbuzov  in  1931, 
has  a  strong  toxic  action  for  many  forms  of  harmful  insects.  The  acid  amide  and  different  thioanalogs  have  been 
synthesized,  many  of  which  have  great  interest  as  insecticides.  It  was  shown  that  esters  of  pyrophosphoric  acid 
can  be  easily  obtained  by  oxidation  in  air  of  esters  of  pyrophosphorus  and  hypophosphoric  acid  [42].  The  prepara¬ 
tion  of  esters  of  pyrophosphorus  acid  was  considerably  simplified  and  improved  [43].  The  action  of  hydrogen 
chloride  [44]  split  them  into  dialkylphosphorus  acid  and  its  chloride;  the  action  of  fatty  acids  on  ediyl  p>yrophos- 
phite  gave  along  with  diethylphosphorus  acid  a  mixed  anhydride  of  diethylphosphorus  acid  and  the  carboxylic 
acid  [45]. 

(C2H50)2P-0-P(0C2H5)2-i-H00C-R  (C2H50)2P0H  H- (C2Hr,0)2P0C0R 

By  the  action  of  different  aldehydes  on  tetraethyl  pyrophosphite  [46]  compounds  were  synthesized  which 
contained  tri-  and  p)entavalent  phosphorus. 

/0-P(0C2H5)2 

(CaHsOoP-O-PiOCoHsla-n  R-CHO  —  R-CH( 

\P(OC2H5)2 


In  1951  Arbuzov  turned  again  to  the  question  of  the  composition  of  the  phosphorus-conuining  part  formed 
in  the  preparation  of  free  radicals  by  the  Arbuzov  method.  With  F.  G.  Valitova  [47]  he  found  in  the  reaction  pro¬ 
ducts  from  triphenylmethyl  bromide  and  sodium  diethylphosphite  the  ethyl  ester  of  hypophosphoric  acid. 

One  of  the  most  interesting  investigations  by  Arbuzov,  which  has  been  especially  developed  in  recent  de¬ 
cades,  is  die  study  of  cyclic  phosphites.  Studies  of  pyrocatechol  phosphites  were  begun  by  Arbuzov  with  F.  G. 
Valitova  in  1934.  They  found  a  simple  and  accessible  method  of  synthesis  of  pyrocatechol  phosphoromonochlor- 
ide  [48]  by  the  action  of  phosphorus  trichloride  on  pyrocatechol;  this  allowed  them  to  synthesize  several  hundred 
grams  of  the  product  with  a  yield  of  907o  in  a  day’s  work.  The  action  of  alcoholates  on  the  chloride  gave  different 
esters  of  pyrocatecholphosphorus  acid 
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The  alkylpyrocatechol  esters  easily  form  complexes  with  cuprous  halides;  the  methyl  and  ethyl  esters  are 
isomerized  by  alkyl  iodides  to  pyrocatechol  esters  of  methyl-  and  ethylphosphinic  acids.  The  latter  add  a  mole¬ 
cule  of  water  with  evolution  of  a  considerable  amount  of  heat.  By  the  action  of  sodium  diethylphosphite  on  pyro- 
catecholphosphoromonochloride  Arbuzov  and  F.  G.  Valitova  obtained  the  pyrocatechol  diethyl  ester  of  phosphorus 
acid  and  studied  its  properties. 

The  study  was  widened  by  Arbuzov  and  V.  M.  Zoroastrova,  N.  I.  Rizpolozhensky,  and  M.  M.  Azanovskaya, 
obtaining  alicyclic  esters  of  phosphorus  acid  [49,  50].  The  action  of  phosphorus  trichloride  on  ethylene  glycol, 
propylene  glycol, trimethylene  glycol,  1,4-butylene  glycol,  and  diethylene  glycol  gave  cyclic  chlorides  contain¬ 
ing  5  to  8  atoms  in  the  ring.  The  action  on  the  chlorides  of  alcohol  in  the  presence  of  bases  gave  cyclic  esters 
of  phosphorus  acid.  Besides  the  usual  reactions  of  phosphite  esters  (formation  of  complexes  with  cuprous  halides, 
addition  of  sulfur)  they  Aowed  unusual  properties  in  reactions  with  halogen  compounds.  In  one  case  this  reaction 
goes  with  preservation  of  the  ring,  and  in  the  other  with  splitting  of  it. 
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On  the  basis  of  studies  of  analogous  reactions  with  differetnt  cyclic  esters,  Arbuzov  was  able  to  explain 
some  regularities  in  their  course,  depending  on  the  structures  of  the  cyclic  esters.  Analogously  to  the  cyclic 
oxygen  esters,  Arbuzov  and  V.  M.  Zotoastrova  obtained  dithioedianej^iosphorus  acid  chlcxide,  starting  from  thio- 
diglycols,  and  studied  its  properties  [51]. 

This  short  account  of  the  scientific  activities  of  Arbuzov  shows  how  he  grew  and  developed.  Besides  his 
fundamental  studies  of  organophosphorus  compounds,  which  we  have  described,  and  his  work  on  sulfite  esters, 
catalytic  decomposition  of  ketone  hydrazones,  study  of  resins,  and  physicochemical  Investigations,  we  should 
add  also  the  brilliant  work  on  tautomeric  compounds  of  isatin  [52],  carbostyril  [53],  acid  amides  [54],  the  study 
of  the  reducing  action  of  magnesium  organic  compounds  [55],  and  odiers. 

In  spite  of  his  age  and  the  great  load  of  administrative  work  Arbuzov  maintains  a  lively  interest  in  diemi- 
cal  events;  he  can  constantly  be  seen  in  the  laboratory,  animatedly  discussing  with  his  cp-workers  and  students 
the  progress  of  chemistry  and  the  results  of  particular  experimental  investigations.  Arbuzov  can  often  be  seen 
at  the  workbench  making  some  ingenious  and  complex  apparatus  for  experimental  purposes,  or  on  the  laboratory 
stool,  discovering  with  his  co-workers  the  course  of  some  particular  experiment.  His  lively,  keen  mind  and  amaz¬ 
ing  powers  of  observation  even  now  are  an  inexhaustible  source  of  new  apparatus  and  interesting  investigations. 
Recent  years  are  marked  by  a  whole  series  of  new  studies  by  Arbuzov  and  his  co-workers  in  the  field  of  the  chemi¬ 
stry  of  organic  phosphorus  compounds. 

Arbuzov  and  M.  M.  Azanovsky  [56]  studied  the  reacticxi  between  acetyl  chloride  and  sodium  diethylphos¬ 
phite  and  discovered  an  addition  reaction  of  dialkylf^osphorus  acids  to  the  carbonyl  group,  later  expanded  in 
die  work  of  V.  S.  Abramov. 

In  work  with  F.  G.  Valitova  [57]  and  N.  A.  Razumov  [58]  he  found  new  data  on  cyclic  phosphites;  with 
V.  M.  Zoroastrova  he  (Stained  and  studied  complex  compounds  of  neutral  esters  of  phosphorus  acid  with  salts 
of  copper,  silver,  gold  [59],  platinum  [60],  and  mercury  [61];  with  L.  V.  Nesterov  he  isolated  a  whole  series  of 
new,  stable  complexes  of  triphenyl  phosphite  with  different  alkyl  iodides  and  studied  their  thermal  decomposi¬ 
tion  [62],  Arbuzov  and  M.  G.  Imaev  have  recently  obtained  interesting  data  [63]  on  the  saponification  of  phos¬ 
phites  in  the  presence  of  water.  They  showed  the  accelerating  action  of  dialkylphosphcvus  acids  and  the  slowing 
action  of  inorganic  and  organic  bases  on  the  hydrolysis.  They  accomplished  the  synthesis  of  mixed  [^osf^ites 
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by  partial  transesterification  and  studied  their  properties.  They  obtained  new  and  Interesting  data  on  the  double 
decomposition  of  isatin  with  metallic  compounds  [53];  with  Yu.  P.  Kitaev  .Arbuzov  conducted  an  original  study 
of  the  mechanism  of  catalytic  decomposition  of  hydrazones. 

Arbuzov  is  one  of  the  most  prominent  historians  of  chemistry  of  our  country.  His  excellent  papers  on  many 
famous  Russian  chemists  and  his  monograjrft  "A  ^ort  Sketch  of  the  Development  of  Organic  Chemistry  in  Russia,* 
[64]  which  unites  a  deep  historical  analysis  of  events  with  a  simple  and  expressive  form,  will  always  be  read  with 
interest  and  gratitude  by  Soviet  chemists. 

A  characteristic  feature  of  all  the  activities  of  Arbuzov  is  his  constant  effort  to  extend  die  attainment  of 
chemistry  among  all  the  workers  of  our  country.  Arbuzov  has  been  the  organizer  of  many  scientific  meetings 
both  in  Kazan  and  outside  of  it  and  has  taken  an  active  part  in  the  work  of  the  Mendeleev  All-Union  Chemical 
Society.  Since  1930  Arbuzov  has  been  permanent  president  of  the  Kazan  Secticxi  of  the  Society. 

For  his  classical  and  fundamental  work  in  organic  chemistry  and  particularly  on  organic  phosphorus  com¬ 
pounds,  Arbuzov  was  chosen  in  1932  as  a  Corresponding  Member,  and  in  1942  as  an  Active  Member  of  the  Academy 
of  Sciences  of  the  USSR;  he  twice  received  the  Stalin  Prize.  The  government  has  highly  honored  Arbuzov’s  ser¬ 
vices  in  developing  science  and  in  {vofessional  training,  awarding  him  the  double  order  of  Lenin  and  the  Order 
of  the  Red  Banner  of  Labor.  In  1935  Arbuzov  was  given  the  honorary  title  of  one  distinguidied  in  science  of  the 
RSFSR.  A.  E.  Arbuzov  is  highly  respected  and  popular  among  the  workers  of  the  Tartar  Republic.  He  was  three 
times  chosen  deputy  in  the  Council  of  Republics  of  the  Supreme  Soviet  of  the  USSR. 
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SYNTHESES  OF  HETEROCYCLIC  COMPOUNDS  BASED  ON  THE  FISCHER  REACTION 


I.  THE  MECHANISM  OF  THE  FISCHER  REACTION 

A.  E.  Arbuzov  and  Yu.  P.  Kltaev 


In  1883  E.  Fischer  and  F.  Jourdan  [1]  established  that  heating  pyruvic  acid  methylphenylhydrazone  with 
an  alcohol  solution  of  hydrogen  chloride  gave  a  low  yield  of  a  nitrogen  compound,  which  was  found  to  be  1- 
methylindole-2-carboxylic  acid  [2].  Later  E.  Fischer  investigated  this  reaction  more  thoroughly,  using  zinc 
diloride  as  the  condensing  agent  [3]  and  extended  this  reaction  to  cover  arylhydrazones  of  aldehydes,  ketones 
and  ketoacids  [4], 

In  1910  one  of  us  investigated  the  complex  compounds  of  cuprous  halides  with  various  nitrogen  bases  and, 
among  others,  obtained  unstable  compounds  with  {^nylhydrazine  [5].  The  exceptionally  easy  thermal  decom¬ 
position  of  these  complexes  raised  the  question  of  whether  salts,  that  form  unstable  complexes  with  |*enylhydra- 
zine,  could  act  as  catalysts  in  the  Fischer  reaction.  This  idea  was  checked  experimentally  and  confirmed  with 
V.  M.  Tikhvinsky  [6], 

It  was  the  first  time  that  the  Fischer  reaction  was  proved  to  have  a  catalytic  character  and,  in  connection 
with  this,  substantial  changes  were  made  in  the  Fischer  method.  It  was  found  tiiat  instead  of  5-fold  excess  by 
wei^t  of  zinc  chloride,  0.4-0. 8  g  of  ZnCl2,  CU2CI2,  PtCl^  or  Cu2Br2  could  be  used  for  the  reaction  per  mole  of 
hydrazone.  Then  and  in  the  following  years,  together  with  V.  I. Tikhvinsky ,A.  I.  Razumov,  I.  A.  Zaitsev,  et  al., 
a  whole  series  of  substituted  indoles  was  prepared  in  gopd  yields  by  this  method  [6-12]. 

The  discovery  and  proof  of  the  catalytic  character  of  the  Fischer  reaction  started  a  search  for  new  cata¬ 
lysts  and  work  in  this  direction  turned  out  to  be  very  fruitful.  Up  to  the  present  time  thirty  catalysts  have  been 
proposed  and  among  them  are  various  concentrated  and  dilute  acids,  alccholic  acid  solutions^  polyphosf^oric 
acid,  many  metal  halides,  metal  powders,  boron  trifluoride,  Grignard  reagents  and  ion-exchange  resins.  Generally, 
acidic  reagents  and,  apparently,  substances  capable  of  forming  complexes  are  catalysts  for  the  Fischer  reaction. 

The  reaction  discovered  by  Fischer  has  become  the  cornerstone  of  a  practical  laboratory  method  for  a 
series  of  syntheses  in  the  field  of  nitrogen-containing  heterocyclic  compounds.  It  is  hard  to  overestimate  the 
value  of  this  method  in  synthestic  organic  chemistry  —  it  gave  investigators  hundreds  of  new  compounds,  interest¬ 
ing  either  in  themselves  or  as  intermediates  for  the  preparation  of  dyes,  drugs,  aromatic  principles  and  other 
valuable  c(xn pounds.  The  Fischer  method  is  now  used  to  prepare  substituted  indoles,  indolenines,  oxindoles  [13], 
tetrahydro-  [14]  and  octahydrocarbazoles  [15],  pyrroles  [16],  tri-  and  tetracyclic  azazulenes  [17  ]and  2-amino- 
benzthiazole  [18]. 

The  Fischer  reaction  has  been  applied  to  about  sixty  different  arylhydrazines  and  it  is  likely  that  many 
more  examples  of  the  above  classes  will  be  successfully  prepared  by  Fischer's  method.  Of  the  carbonyl  com¬ 
pounds,  the  most  varied  aldehydes,  ketones,  aldehyde  and  ketoacids  and  their  esters  and  also  naphthols,  couma- 
rones  and  ketolac  tones  were  used  in  the  reaction.  Some  limits  are  known  in  the  selection  of  arylhydrazones: 
thus,  dinitroindoles  caimot  be  prepared  from  2,4-dinitrophenylhydrazones,  and  a  case  is  described  where  an  in¬ 
dole  was  not  obtained  from  hydroxy^^enylhydrazone  [19].  Also  an  indole  could  not  be  prepared  from  acetaldehyde 
phenylhydrazone  [20]. 


2388 


Even  though  more  than  70  years  have  passed  since  the  discovery  of  the  Fischer  reaction,  the  mechanism 
of  this  interesting  reaction  has  not  yet  been  completely  elucidated,  although  many  investigators  have  studied 
this  problem  [21-32].  The  mechanism  scheme  proposed  by  G.  and  R.  Robinson  [23]  is  the  most  widely  accepted 
at  the  present  time,  although  the  basic  hypothesis  of  this  scheme  —  o-benzldine  rearrangement  —  was  put  forward 
by  K.  Brunner  in  1898  [21].  The  Robinsons  divide  the  reaction  into  three  main  stages: 

1)  conversion  of  the  hydrazone  into  an  enehydrazine,  which  they  consider  occurs  on  the  addition  of  an 
acidic  reagent  and  is  a  ketimide-enamine  isomerization; 

2)  enehydrazine  rearrangement  of  die  ortho-benzidine  type; 

3)  ring  formation  with^ elimination  of  an  ammonium  salt,  similar  to  the  formation  of  piperidine  from 
pentamethylenediamine  hydrochloride 


H  -t-NHs 

According  to  the  Robinsons,  an  acid  medium  and  a  high  temperature  are  necessary  for  all  the  stages  as  each  suc¬ 
cessive  compound  has  a  more  basic  character  than  the  preceding  one.  Ring  closure  ends  this  process  of  growing 
basic  properties.  The  authors  substantiated  their  scheme  in  the  following  way:  having  drawn  an  analogy  between 
the  first  stage  and  enolization  of  the  carbonyl  compounds,  they  found  that  the  more  readily  the  carbonyl  cran- 
pound  was  enolized,  the  more  readily  its  phenylhydrazone  was  converted  into  indole.  The  second  and  third 
stages  also  have  analogs  —  rearrangement  of  hydrazonaphthalene,  which  was  observed  by  R.  Nietzki  and  O.  Goll 
[33]. 


The  ortho-benzidine  rearrangement  and  that  of  arylhydrazones  in  the  Fischer  reaction  were  explained  by 
the  authors  using  fractional  valences,  which  arise  at  the  nitrogen  in  the  formation  of  arylhydrazone  salts.  Later 
on  the  Robinsons  themselves,  and  then  K.  Allen  and  K.  Wibon  [28]  supplemented  the  first  scheme  of  die  me¬ 
chanism  and  it  acquired  the  following  final  form 


OCHj-R' 
-NH-N=C-R 

(I) 


CH-R' 

II 

NH— NH— C-R 


(ID 


2389 


'^/\n 


H 

(VI) 
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The  separate  stages  of  this  mechanism  were  confirmed  experimentally.  Thus,  by  treating  the  phenylhydra' 
zone  of  a-ketobutyrolactone  (IX)  with  hydrogen  chloride,  H.  Plieninger  [34]  obtained  an  intermediate  of  the 
Fischer  reaction  (X),  which  corresponded  to  compound  (IV)  in  the  Robinson  scheme. 


H2C-CH2 

I  >0 

C-CO 


NH 


-n/' 


(IX) 


NH. 


-CH— CH2 

I  >0 

C— CO 

II 

NH 

(X) 


V\n/ 

H 

(XI) 


1-CH2 

>0 

l-CO 


When  heated  for  a  short  time  with  acetic  acid  this  product  gave  the  lactone  of  3-hydroxymethylindole- 
carboxyllc  acid  (XI)  [35].  The  intermediate  product  (IV)  was  also  isolated  by  decomposing  the  phenyUiydrazone 
of  camphenilone  [36].  The  hydrolysis  of  die  intermediate  was  confirmed  by  observation  [37-39]. 

Thus,  almost  all  the  stages  of  the  mechanism  proposed  by  G.  and  R.  Robinson  and  supplemented  by  K.  Allen 
and  K.  Wilson,  were  considered  plausible,  except  for  the  initial  ones,  i.  e.,  the  basic  ones,  namely  the  tauto¬ 
meric  conversion  of  the  hydrazone  into  an  enehydrazine  (EL)  and  die  rearrangement  of  this  hypothetical  enehy- 
drazine  into  a  diamine  (HI). 

We  recently  studied  [40]  polarographically  the  behavior  of  some  phenylhydrazones  in  an  alcohol  solution 
and  found  that  phenylhydrazones  of  aliphatic  and  alicyclic  ketones  have  an  enehydrazine  structure  in  the  free 
state,  while  the  phenylhydrazones  of  aldehyde  and  aliphatic-aromatic  ketones  have  a  hydrazone  type  of  structure. 
The  latter,  most  probably,  can  be  converted  into  the  enehydrazine  form:  we  observed  such  a  conversion,  for 
example,  with  acetaldehyde  phenylhydrazone.  In  this  way,  our  work  in  this  direction  proved  the  accuracy  of 
the  first  stage  of  the  Robinson  scheme. 

The  absence  of  para-rearrangement  products  in  die  whole  range  of  Fischer  reactions  investigated  is  still 
not  quite  explained.  Furthermore,  substituents  in  the  para-position  in  the  arylhydrazine  nucleus  not  only  do  not 
increase  the  indole  yield,  but  often  even  make  its  formation  difficult  [41]. 

These  facts  make  the  benzidine  character  of  the  enehydrazine  rearrangement  questionable  [25].  It  is  true 
that  recently  W.  Teilacker  and  O.  Leichtle  [42]  observed  ortho-  and  para-semidine  rearrangement  of  some  phenyl¬ 
hydrazones,  but  it  should  be  noted  that  this  single  observation  was  associated  with  conditions  different  from  the 
conditions  usually  used  in  Fischer  reactions  and  did  not  solve  the  problem  at  all.  Kinetic  investigations  [43,  44] 
likewise  did  not  clarify  the  problem  of  the  nature  of  the  rearrangement. 

Lately  ideas  on  the  general  theory  of  conjugation  have  been  increasingly  accepted  in  organic  chemistry. 
Various  1,4-conjugated  systems  have  been  quite  widely  and  thoroughly  studied  [45,  46].  Having  established  that 
arylhydrazones  may,  in  general,  exist  in  the  following  three  tautomeric  forms 


Ar-N=N-CH-CH2R' 

I 

R 


Ar-NH— N=C-CH2R' 

I 

R 


Ar-NH-NH-C=CHR' 

I 

R 
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we  decided  to  elucidate,  from  the  point  of  view  of  the  general  theory  of  conjugation  the  reactions  of  the  bonds 
in  the  hydrazone  and  enehydrazine  forms. 

Hydrazone  molecules  contain  a  system  that  includes  two  nitrogen  atoms,  one  of  which  is  connected  to  a 
carbon  atom  by  a  multiple  bond  ^C=C — N — N=  c<. 

I  I 

It  is  known  that  the  pair  of  unshared  electrons  of  a  nitrogen,  oxygen  or  sulfur  atom,  in  a  position  a  to  an 
ethylene  bond,  becomes  conjugated  with  the  latter  [47].  The  chemical  manifestation  of  the  conjugation  of  the 
free  pair  of  electrons  of  a  nitrogen  atom  with  multiple  bonds  is  double  reactivity,  for  example,  of  aniline  [46] 


SO3H 


The  orienting  effect  of  a  substituent  in  a  benzene  nucleus  is  also  sometimes  caused  by  this  type  of  con¬ 
jugation.  If  one  considers  F.  Ender's  conception  [48]  of  the  reaction  of  valence  electrons  of  a  carbon  atom  with 
the  electrons  of  a  more  electronegative  atom,  named  induced  conjugation  by  him,  then  the  reaction  of  a  multiple 
bond  with  free  electrons,  for  example,  of  a  nitrogen  atom,  may  be  shown  in  the  following  way.  The  electrons 
of  the  C— 15  bond  are  displaced  towards  N,  while  the  electron  cloud  of  the  carbon  atom  is  deformed,  due  to  which 
the  electron  cloud  of  the  following  carbon  atom  becomes  more  stable,  and  the  whole  system  is  a  succession  of 

6  s  4  3  2  1 

disturbed  and  stabilized  electron  octets,  i.  c.,  in  the  system  — C=C — C=C — C=C->N —  .  atoms  2,  4 

I  I  I  I  I  I  I 

and  6  are  more  electronegative  than  1,  3  and  5.  Due  to  the  polarity  of  the  C— N  bond,  the  free  electron  pair  of 
nitrogen  becomes  more  labile  and,  reacting  with  the  ir -electrons  of  the  multiple  bond,  strengthens  the  induced 
conjugation  and  establishes  a  state  of  irp-structural  conjugation.  Consequently,  hydrazone  molecules  contain 
a  Trpir -system,  whose  polarization  is  directed  by  the  nitrogen  atom,  participating  in  the  double  bond,  and  the 
electrophilic  aromatic  nucleus  increases  the  polarization. 


The  Trpir -conjugated  system  is  also  found  in  2-methylenedihydroindole  and  N-vinylcarbazole,  which  were 
studied  polarograpJiically  by  F.  Ender  et  al.  [49],  though  in  these  cases  the  multiple  bonds  were  purely  carbon 
ones.  The  absence  of  a  second  nitrogen  atom  in  aryl-N-vinyls  decreases  the  conjugation  activity;  according 
to  our  measurements  [40]  with  a  dropping  mercury  electrode,  arylhydrazones  were  reduced  at  1.08  v,  while  under 
the  same  conditions  1-methylenedihydroindole  and  N-vinylcarbazole  gave  a  wave  at  1.30  v.  The  difference  of 
0.22  V  in  the  potentials  corresponds  to  10.1  kcal/mole  of  energy,  which  is  a  quantitative  measure  of  the  nitrogen 
atoms'  activating  effect  on  the  bond  in  arylhydrazones.  The  activation  energy  of  bonds  in  hydrazone  irpir -sys¬ 
tems  is  about  18  kcal/mole  less  than  in  the  azoform  of  irir -systems  [40]. 

The  enehydrazine  form  of  arylhydrazones  has  a  system  of  two  multiple  bonds,  one  of  which  is  aromatic, 

1  2  3  4  5  6 

separated  by  two  nitrogen  atoms  ]>C=C — N — N — C=C<^. 

I  I  I  I 

Each  double  bond  reacts  with  the  unshared  electrons  of  the  adjacent  nitrogen  atom,  i.  e.,  there  are  here 
two  groups  with  Trp-conjugation.  The  free  electron  pairs  of  die  nitrogen  atoms  doubtlessly  react  with  each  other 
and  affect  the  nature  of  the  N-N  bond,  joining  the  irp-groups  into  one  irppir -conjugated  system.  This  1,6-sys¬ 
tem  is  less  polar  than  the  hydrazone  irpir -system  as  it  has  a  symmetrical  structure.  The  irppir -system  has  some 
polarity,  firstly,  due  to  the  fact  that  one  double  bond  Is  in  the  electrophilic  aromatic  nucleus,  which  destroys 
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the  symmetry  and  gives  a  polarization  direction  when  treated  with  reagents;  secondly,  die  hyperconjugation  of 
the  carbonyl  radical  also  acts  in  the  same  way 

-  ,  J  ♦  5  * 

>c^c-nJ^n-^c-^h  . 

I  I  i  I  i  I 

Thus,  enehydrazine  molecules  contain  a  irppir -conjugated  system  in  which  the  1st  and  6th  atoms  are  most 
reactive.  The  bond  activation  energy  in  this  system  is,  according  to  our  measurements  [40],  approximately  15 
kcal/mole  less  than  in  the  hydrazone  irpir -system. 

We  shall  now  examine  the  effect  of  medium  on  the  state  of  the  tautomeric  equilibrium  of  arylhydrazones. 
As  arylhydrazones  are  compounds  with  a  basic  character,  an  acid  medium  would  have  the  greatest  effect  on  them. 
For  example,  an  aldehyde  phenylhydrazone,  which  has  a  hydrazone  structure,  can  react  widi  an  acid  in  the  1,4- 
position  of  the  IT  a -system 


n 

CsH j  - NH  A'  =CH 


A' 


CjH5NH-NH-CH  =  C-H  ♦  ♦  a" 

R 


and  be  converted  into  an  enehydrazine,  i.  e.,  into  a  more  basic  compound.  In  an  acid  medium  a  ketone  ene¬ 
hydrazine  formed  or  an  arylhydrazone  adds  a  proton  to  the  more  nucleophilic  nitrogen  atom 


CeHfiNH— NH-CH=CHR  H+  ->  C6H5NH-NH-CH=CHR 

H 


and  becomes  a  cation,  in  which  the  ethylene  bond  is  strongly  polarized,  i.  e.,  dienophilic.  The  N— bond  also 
becomes  pxilar.  The  formation  of  a  complex  (A)  also  leads  to  the  same  effect. 


8-1- 

CeHj-NH— NH— C=CH-R' 
Me+  R 

(A) 


Thus  it  is  possible  to  understand  the  effect  of  catalysts  in  the  Fischer  reaction,  as  tljey  are  acidic  reagents 
and  compounds  capable  of  forming  complexes;  they  displace  the  tautomeric  equilibrium  of  arylhydrazones  towards 
the  enehydrazine  form  and  activate  the  bonds  in  it. 

The  most  characteristic  property  of  1,4-conjugated  systems  is  their  capacity  to  participate  in  diene  syn¬ 
thesis  reactions.  We  consider  that  some  1,6 -conjugated  systems  are  capable,  under  specific  conditions,  of  re¬ 
distributing  electron  densities  with  intramolecular  conversion  of  the  diene  syndiesis  type. 

We  showed  above  that  in  an  acid  medium  or  by  complex  formation,  the  enehydrazine  forms  of  arylhydra¬ 
zones  were  activated  —  a  dieneophilic  ethylene  bond  appears  in  them,  the  rest  of  the  irppir -conjugated  system 
is  also  polarized  and  as  a  result  atoms  1  and  6  acquire  some  excess  charges  which  are  opposite  in  sign.  If  one 
considers  that  these  atoms  are  spatially  close,  then  their  attraction  appears  wholly  probable  and  without  doubt, 
would  lead  to  redistribution  of  electron  densities  in  the  system  by  the  following  scheme 
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The  analogy  between  this  conversion  and  the  reaction  of  diene  synthesis  is  complete.  Atoms  1,  2,  3,  and 
4  form  a  diene  system  —  the  1, 2  (ir)-multiple  bond  is  conjugated  witfi  the  free  electron  pairs  of  the  3rd  and  4th 
atoms  (pp)  (such  a  conjugation  should  be  similar  in  many  ways  to  irir -conjugation)  and  the  conjugation  is  strength¬ 
ened  by  a  coordination  K"*"  .  .  .  N  bond.  The  reaction  of  diene  synthesis  is  characterized  by  the  formation  of  a 
multiple  bond  between  the  2nd  and  3rd  atoms  and  new  bonds  between  the  dieneophil  and  the  1st  and  4tfi  diene 
atoms  with  breaking  of  1—2  and  3—4  bonds.  All  this  also  occurs  in  the  scheme  given  above.  Under  die  conditions 
of  a  Fischer  reaction  the  o-iminoalkylquinonimine,  formed  as  a  result  of  the  reaction,  would,  of  course,  rearrange 
itself  into  an  o-iminoalkylaniline,  which  would  finally  give  an  indole,  as  the  Robinson  scheme  shows.  Thus,  the 
general  theory  of  conjugation  allowed  us  to  find  "the  moving  force"  of  the  conversion  occurring  in  a  Fischer 
reaction. 

Comparing  our  ideas  with  the  Robinson  scheme,  we  see  diat  there  is  an  extra  stage  in  their  mechanism  as 
we  consider  that  o-iminoalkylaniline  is  formed  directly,  omitting  the  diamine  stage.  Furthermore,  in  die  case 
of  aliphatic  and  alicyclic  ketones,  the  tautomeric  conversion  stage  is  also  absent  in  the  reaction,  as  we  proved 
their  enehydrazine  structure. 

There  remains  to  be  clarified  the  mechanism  of  the  conversion  from  o-lminoquinone  to  o-alkylaniline, 
i.  e.,  the  mechanism  of  the  conversion  from  a  quinoid  to  a  benzene  structure.  It  is  hard  to  imagine  why  a  hydro¬ 
gen  atom  diould  move  into  the  ortho-  or,  even  more  so,  into  the  para-position  in  the  molecule.  We  shall  try  to 
elucidate  what  bond  reactions  there  are  in  an  o-quinonimine  molecule,  formed  as  a  result  of  arylhydrazone  re¬ 
arrangement  in  the  first  stage  of  a  Fischer  reaction.  Here  die  polar  C  =  N  bond  is  conjugated  with  two  double 
bonds  of  the  ring  and  with  the  C— H  bond,  and  all  this  trirffo -system  is  polarized,  and  due  to  dils  die  C-H  bond 
is  weakened,  while  a  high  electron  density  arises  on  the  nitrogen  atom. 


(t,=  R'-CH-CR  =  NH 


The  orientation  of  the  polar  molecules  and  their  drawing  together  leads  to  a  redistribution  of  electron 
densities,  for  which,  as  we  know,  conjugated  systems  have  a  tendency. 

However,  if  the  reaction  is  carried  out  in  dilute  acids,  then  the  proton  of  the  medium  participates  in  the 
conversion. 


R  H 

The  conversion  from  the  quinoid  to  the  aromatic  structure  consists  of  this  very  1,8-addltion,  which  occurs 
with  die  transfer  of  the  reaction  center. 

R.  B.  Carlin  and  E.  E.  Fisher  [30,  50]  found  that  5,7-dichlorindoles  were  formed  from  2,6-dichlorophenyl- 
hydrazones  by  the  Fischer  reaction,  but  they  could  not  explain  the  mechanism  of  the  migration  of  chlorine  dur¬ 
ing  the  reaction.  They  succeeded  [50]  in  establishing  that  the  migration  was  completed  intramolecularly  and 
therefore  the  authors  considered  that  the  chlorine  atom  in  an  "electropositive”  state  formed  an  intermediate 
IT -complex  and  migrated,  without  leaving  the  valence  atmosphere  of  the  aromatic  ring,  i.  e.,  the  obscure  was 
explained  by  the  unknown,  as  the  tr-complex  was  thought  up  by  M.  J.  S.  Dewar  [51]  for  the  explanation  of  cer¬ 
tain  reactions,  but  their  existence  was  not  proved. 

In  order  to  clarify  this  problem,  let  us  examine  the  reaction  of  bonds  in  the  quinone,  formed  from  2,6- 
dichlorophenylhydrazone.  In  it  the  polar  C— Cl  bond  is  conjugated  with  the  adjacent  multiple  bond  (iro). 
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Such  an  explanation  of  the  mechanism  of  the  Fischer  reaction  is  in  agreement  with  all  experimental  facts. 
The  absence  of  para-rearrangement  products  is  explained  by  the  reaction  of  the  spatially  close  1st  and  6th  atoms 
of  the  conjugated  system  and  not  the  1st  and  8th  atoms,  which  are  further  apart,  while  further  conversion  in  the 
system,  after  rearrangement,  stops  with  the  closure  of  die  pyrrole  ring.  The  effect  of  substituents  in  die  aryl- 
hydrazone  nuclei  on  the  course  of  the  reaction  was  very  thoroughly  investigated  by  V.  V.  Feofilaktov  [41],  as 
has  been  mentioned  before.  Electrophilic  substituents  hinder  the  reaction  as  due  to  their  effect  the  electron  den¬ 
sity  on  the  first  atom  of  the  conjugated  system  decreases  and  this  decreases  the  probability  of  the  formation  of 
an  enehydrazine,  which,  apparently,  does  not  form  at  all  for  dinitrophenylhydrazones.  As  may  be  expected,  an 
ortho-substituent  has  the  greatest  effect,  a  para-  somewhat  less  and  a  meta -substituted  the  least. 


R  =  NOj,SOjH,COOH,  Cl  . 


"Vt 

nh  -^nh  c 


J  6 


''2''’^NhA‘h-^^=C 

3  It  5  6 


Nucleophilic  substituents,  on  the  contrary,  somewhat  increase  the  electron  density  at  die  first  atcxn,  i.  e., 
facilitate  rearrangement.  Secondary  alkylarylhydrazones  are  more  readily  converted  into  indoles  than  aryl*- 
hydrazones,  as  the  alkyl  increases  the  polarity  of  the  system  and  strengthens  the  conjugation  of  the  1—2  and 
3—4  bonds. 


R 


J  H  S  6 


R  =  AIV. 


NH-NH-C  =  C 
R 


One  should  not  think  that  the  rearrangement  of  the  diene  synthesis  type  examined  above  is  an  exceptional 
phenomenon.  Regrettably,  tr -conjugated  1,6-systems  have  been  little  studied  and  we  were  unable  to  find  in  the 
literature  examples  of  similar  conversions  of  them.  It  appears  to  us  that  rearrangements  are  possible,  for  exam¬ 
ple,  in  the  following  cases 


On  the  contrary,  intramolecular  conversions  of  the  diene  synthesis  type  are  known  for  certain  trppir-  and 
irpo IT -systems.  For  example,  the  synthesis  of  pyrroles  from  azines  and  oxindoles  from  l-acyl-2-arylhydrazine8, 
as  in  other  cases  of  Fischer  reactions,  include  such  a  rearrangement 


NH 

(nh  \c-r 
^11 

R-C  CH-R* 

V 

'  /'I  I 


•NH 

■••NH 

C-R 

NH,  C-R 

R-C - C-R 

1 

— 1  *  1 

— ►  II  II 

R-C,  CH-R' 

R-C,  C-H 

^CH-R 

CH 

C 

N 

r’ 

r' 

H 
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The  Claiten  rearrangement  U  a  case  of  conversion  in  a  irpoir -system 


The  rearrangement  mechanism  has  been  thoroughly  studied  and  all  its  stages  have  been  experimentally 
confirmed.  It  was  found  that  ortho-  precedes  para-rearrangement  [52,  53].  Using  the  Claisen  rearrai^ement 
as  an  example  one  can  see  that  a  thorough  chemical  study  of  a  reaction  sometimes  makes  it  possible  to  clarify 
die  intermediate  stages,  but  the  nature  of  the  mechanism  may  still  remain  unclear. 

R.  B.  Carlin  and  E.  E.  Fischer  [30]  noted  a  formal  analogy  between  the  first  stage  of  the  Fischer  reaction 
and  die  Claisen  rearrangement;  we  consider  however,  that  the  analogy  here  is  in  ]»inciple  —  both  processes  are 
particular  cases  of  the  rearrangement  of  1,6-conJugated  system.  The  ordio-benzidine  rearrangement  is  also  of 
this  type,  while  para -rearrangement  of  hydrazobenzene  is  a  conversion  of  a  1,10-conJugated  system.  Hydrazo- 
benzene  contains  the  same  wppir -conjugated  system  as  an  enehydrazine,  the  only  difference  being  that  in  this 
case  bodi  v -bonds  are  in  aromatic  rings.  Benzidine  rearrangement,  the  same  as  the  Fischer  reaction,  occurs  in 
die  presence  of  acids 


obtained  from  jdienyl- 
formation  mechanism 
all  probability,  is 


I  I 


CeHs  CjH, 


Apparently  rearrangement,  similar  to  that  described  above, occurs  in  azo  compounds 
hydrazones  of  a-hydroxyaldehydes  and  ketones.  Molecules  of  these  azo  compounds,  who^ 
will  be  examined  in  the  next  report,  contain  a  trira -conjugated  system.  Such  a  system,  in 
capable  of  reversible  redistribution  of  electron  densities. 


V.  Barry  and  P.  Mitchell  [54]  explained  die  formation  of  a  diketone  monof^enylhydrazone  lit  the  follow¬ 
ing  way 
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(  C  (*H 
R  0 


H 

R'  n 

hY  r''"* 

R^  % 


R'  N 

^N-CgH, 

I  I  ' 

.H 

R^  ^0' 


i.  e.,  they  assumed  the  simultaneous  transfer  of  three  hydrogen  atoms  and  then  the  loss  of  two  of  them,  which 
is  very  improbable.  We  consider,  however,  that  first  oxidation  occurs  and  the  product  fonned  undergoes  a  re¬ 
arrangement,  characteristic  of  1,6-conjugated  systems. 

S.  Fox  and  M.  Bullock  [55]  recently  described  an  interesting  case  of  a  conversion  of  a  1,6-conjugated  sys¬ 
tem.  The  authors  observed  the  splitting  of  a-N-chloroaminoglutaric  acid  with  the  formation  of  hydrogen  chltv- 
ide,  carbon  dioxide  and  an  aldehydeimine  and  represented  this  process  by  the  following  scheme 


o-ifj  \o 


NH  /H 


Nitrogen-containing 

compound 


Carbonyl 

compound 


Hydrazine 

Aldehydes  and  ketones, 
carboxylic  acids 

Substituted  pyrroles,  oxa- 
zolines,  pyrrolinones-2 

Piloty  reaction 

Arylhydrazine 

Aldehydes  and  ketones, 
carboxylic  acids 

Indoles,  oxindoles,  benzoxa- 
zolines 

Fischer  reaction, 

Brunner  reaction 

Semicarbazide 

Aldehydes  and  ketones 

2-Aminooxazoles,  imidazo- 
lones-2 

— 

Thiosemicarbazide 

Aldehydes  and  ketones 

2-Aminothiazoles,  imido- 
thiazolones-2 

— 

Arylsemicarbazide 

— 

2- Aminoary  loxazoles,  aryl- 
imidazolones-2 

— 

Arylthiosemicarba- 

zide 

— 

2-Aminoarylthiazoles,  aiyl- 
imidothiazolones-2 

Fischer  reaction 

One  can  readily  be  convinced  that  this  reaction  is  a  conversion  of  the  diene  synthesis  type  in  a  aaa- 
system.  ' 

Examples  of  tautcxneric  conversions  are  abo  known  which  proceed  by  the  mechanism  of  the  rearrangement 
of  a  1,6-conjugated  system.  N.  K.  Kochetkov  and  Ya.  Dombrovsky  [56]  recently  publi^ed  a  paper  on  die  tauto- 
merism  of  alkyl  6  -aminovinyl  ketones.  The  authors  concluded  that  these  compounds  were  a  mixture  of  enamino- 
and  amido-forms.  The  unusually  facile  process  of  reversible  bomerization  of  both  forms  they  were  inclined  to 
explain  by  a  chelate  structure  of  both  isomeric  forms  of  0 -aminovinyl  ketones,  including  a  hydrogen  bond 

In  other  words,  in  this  case  we  have  an  example  of  a  reversible  rearrai^ement  of  a  irirp-conjugated  sys¬ 
tem. 

Previously,  similar  cpnversions  of  more  complicated  aryl  0-aminovinyl  ketones  were  studied  and  explained 
from  the  point  of  view  of  the  resonance  theory  [57,  58];  however,  we  consider  that  here  too  rearrangement  of  a 
1,6 -conjugated  system  occurs,  as  fw  example 

CH 

CjHsCHj-N^^  .0  CjHjCHj-N  0 

H'‘  ‘V 

Apparently,  tautomeric  conversions  of  monohydrochlorides  of  diimlnomalonates  have  the  same  mechanism 

[59]. 

The  examples  given  here  far  from  exhaust  the  analogy.  The  future  will  show  how  widespread  in  organic 
chemistry  are  rearrangements,  like  those  examined  by  us.  We  consider  it  noteworthy  that  the  general  theory  of 
conjugation  makes  is  possible  to  connect  the  numerous  and  presumably  separate  facts,  which  make  the  study  and 
exposition  of  organic  chemistry  so  difficult. 

Thus,  the  Fischer  reaction  and  syntheses  of  O.  Piloty  and  K.  Brunner  are  particular  cases  of  1,6-conversions, 
namely  of  irppir -conjugated  systems.  In  conclusion,  we  give  a  table  of  compounds  which,  we  consider,  may 
undergo  such  rearrangements,  and  their  possible  conversion  products. 

As  die  data  in  the  table  show,  many  reactions  have  not  yet  been  studied  and  if  diey  can  be  carried  out, 
our  ideas  will  be  fully  confirmed. 
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SYNTHESES  OF  HETEROCYCLIC  COMPOUNDS  BASED  ON  THE  FISCHER  REACTION 


II.  THE  ANOMALOUS  COURSE  OF  THE  FISCHER  REACTION 

A.  E.  Arbuzov  and  Yu.  P.  Kltaev 


An  anomalous  Fischer  reaction  was  discovered  by  one  of  us  in  1913.  It  was  first  observed  in  catalytic  de¬ 
composition  of  aldehyde  phenylhydrazones  in  the  presence  of  cuprous  chloride  [1],  when  the  former  underwent 
nitrile  decomposition.  A  detailed  investigation  of  this  reaction  showed  that  aldehyde  phenylhydrazones  with 
large  radicals  form,  almost  exclusively,  nitriles  and  aniline  while  lower  aldehydes  also  give  indole.  It  was  then 
also  discovered  that  acetone  phenylhydrazone  underwent  catalytic  decomposition  in  the  presence  of  cuprous 
chloride  not  to  form  2-methylindole,  but  a  new  compound,  ammonia  and  aniline.  This  observation  and  a  series 
of  other  unpublished  facts  suggested  the  hypothesis  that  ketone  phenylhydrazones,  not  containing  a  CHj  group 
next  to  the  carbonyl  group,  would  also  decompose  anomalously  under  these  conditions. 

In  1950  O.  M.  Shapshinskaya  [2]  attempted  to  study  the  anomalous  reaction  of  the  catalytic  decomposition 
of  acetone  phenylhydrazone  in  detail.  She  isolated  two  fractions  from  the  reaction  mixture,  one  of  which  was 
found  to  be  aniline.  The  second  fraction  boiled  at  267-269*  (d  1.054).  The  substance  in  this  fraction  did  not 
dissolve  in  water,  but  dissolved  in  dilute  (1 : 1)  hydrochloric  acid;  hydrolysis  of  it  gave  acetone.  According  to 
analytical  data,  the  compound  obtained  had  the  composition  CeH7N,  but  considering  the  high  boiling  point,  the 
authors  consider  that  this  formula  should  be  doubled.  The  anomalous  decomposition  of  acetone  i^enylhydrazone 
may  then  be  illustrated  by  the  overall  equation 

2C9H,2N2  ^  CeHgNHa  NH.,  CJ2H14N2 

The  authors  were  unable  to  elucidate  the  structure  of  the  anomalous  product. 

We  decided  to  check,  first  of  all,  if  the  phenylhydrazones  of  all  ketones,  which  do  not  contain  a  methyl¬ 
ene  group  next  to  the  carbonyl  group,  would  actually  undergo  an  anomalous  Fischer  reaction  in  the  presence  of 
cuprous  chloride.  For  this  purpose  we  studied  the  decomposition  of  i^enylhydrazones  of  acetone,  methyl  iso¬ 
propyl  ketone,  pinacolin,  pyruvic  acid,  ethyl  pyruvate,  acetophenone,  p-chloroacetophenone  and  acetone  methyl' 
phenylhydrazone.  The  anomalous  reaction  products  were  isolated  only  in  the  case  of  the  phenylhydrazones  of 
acetone  and  methyl  isopropyl  ketone.  The  amount  of  ammonia  evolved  in  these  cases  corresponded  to  the  above 
reaction  scheme.  Of  the  other  i^ienylhydrazones  that  we  investigated,  their  decomposition  gave  considerably 
less  ammonia  than  that  required  by  the  equation  of  the  normal  reaction,  but  sometimes  somewhat  more  than 
what  should  have  been  evolved  in  an  anomalous  reaction.  From  the  tars  formed  from  the  phenylhydrazones  of 
acetophenone,  p-chloroacetophenone  and  ethyl  pyruvate  we  were  able  to  isolate  the  normal  catalytic  decom¬ 
position  products  —  indoles  —  in  the  first  two  cases  in  insignificant  amounts  and  in  the  last,  in  a  yield  of  19.1 
On  heating  acetone  methylphenylhydrazone  to  250’  with  cuprous  chloride,  very  small  amounts  of  ammonia  were 
evolved  and  the  reaction  mixture  became  tarry.  The  tar  contained  the  starting  hydrazone  and  lower  boiling 
decomposition  products. 

Several  repetitions  of  the  experiments,  the  use  of  solvents  (kerosene,  nitrobenzene,  dimethylaniline,  etc.) 
as  well  as  fractionation  under  high  vacuum,  chromatogra|:^y  on  silica  gel  and  aluminum  oxide  and  the  use  of 
selective  solution  in  working  over  the  tars  obtained  did  not  result  in  the  separation  of  individual  cOTnpounds. 
Apparently,  due  to  the  high  temperatures  during  the  reaction,  the  anomalous  products  were  decomposed;  we 
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therefore  stopped  working  in  this  direction  and  then  set  out  to  clarify  the  structure  of  the  compounds  obtained 
frwn  the  phenylhydrazones  of  acetone  and  methyl  isopropyl  ketone. 

Hydrolysis  of  the  anomalous  products  with  dilute  sulfuric  acid  gave  acetone  and  methyl  isopropyl  ketone; 
the  former  was  detected  by  reaction  with  salicylaldehyde  and  from  the  latter  we  obtained  a  dinitrophenylhydra- 
zone.  We  established  the  presence  of  three  labile  hydrogen  atoms,  corresponding  to  the  2-methyl  group  of  indole, 
in  a  molecule  of  the  compound,  prepared  from  acetone  phenylhydrazone.  As  we  could  not  obtain  an  anomalous 
product  by  die  catalytic  decomposition  of  acetone  melhylpihenylhydrazone  in  the  presence  of  cuprous  chloride, 
we  concluded  that  the  product  was  an  N-substituted  indole.  This  was  also  supported  by  the  fact  that  regardless 
of  the  high  boiling  point  the  substance  did  not  crystallize  even  when  cooled  to  — 70*  and  it  is  known  that  all  N- 
substltuted  indoles  of  the  corresponding  molecular  weight  are  high  boiling,  honcrystallizing  liquids  [3].  Con¬ 
sidering  the  above  observations,  we  assigned  the  compounds  obtained  the  structure  of  acetone  2-methylindol- 
1-aminide  (I)  and  methyl  isopropyl  ketone  3,3-dimethyl-2-methylenindolin-l-amlnlde  (II). 


N=C(CH5)2 


(I) 


CHg 


'^/\n/ 


-CHg 

=CH2 


N=C 


/CH3 

V:h(CH3)2 


(11) 


Both  compounds  were  yellow  liquids,  reddening  rapidly  in  air  and  readily  soluble  in  dilute  acids  and  or¬ 
ganic  solvents;  they  did  not  give  a  reaction  for  indole  with  a  pine  splinter.  Nitrogen  analysis  in  both  cases  gave 
results  that  agreed  with  the  proposed  reaction  formulas.  The  yield  was  21-41%  of  (I)  and  12%  of  (II).  It  should 
be  noted  that  in  different  experiments  the  yields  of  acetone  2-methylindol-l-amlnlde  (I)  varied  greatly  and  it 
could  not  be  isolated  at  times.  Apparently,  this  was  due  to  the  varying  purity  of  the  catalyst. 

Recently  K.  Alder  and  H.  Niklas  [4]  obtained  a  derivative  of  N-aminoindole  for  the  first  time.  The  authors 
were  studying  the  reaction  of  substituted  styrene  with  azodlcarboxylic  esters.  From  a-j^ienylstyrene  and  two 
molecules  of  ester  they  obtained  compound  (III),  which  belongs  to  the  tetrahydrocinnoline  series. 


CeHs  N 


/ 


COOCH3 


\>  \NH-COOCH3 

I  I 

'i  N-C00CH3 
V— rr 


i-CsHs 


'N— COOCH3 


(III) 


\/\n/ 

I 

NHj 

(IV) 


-CbHs 


IV) 


I 

N^CHCgHg 


Treatment  of  this  compiound  with  hydrazine  hydrate  gave  a  good  yield  of  3-phenyl-N-aminoindole  (IV) 
(m.  p.  104*),  which  was  a  colorless  crystalline  material,  readily  oxidized  and  becoming  yellow.  The  amino 
group  in  this  compound  had  hydrazine  properties;  thus,  K.  Alder  and  H.  Niklas  treated  it  with  benzaldehyde  to 
obtain  N-benzalimino-3-phenylindole  (V),  whose  melting  point  (108*)  hardly  differed  from  the  melting  point 
of  the  starting  amine.  Compound  (V)  was  similarly  prepared  by  us  as  an  anomalous  Fischer  reaction  product. 

Considerably  earlier  P.  Neber  et  al.  [5,  6]  and  A.  Kliegel  [7]  prepared  N-aminooxindole  by  the  following 
reaction 


VCH.COOH 
-NO, 


CH2COOH 

'-NH-NH2 


|CH2 
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In  the  given  case  the  amino  group  also  had  a  hydrazine  character;  with  o-nitrobenzaldehyde  it  gave 
compound  (VI). 


|CH2 
I 

N=CHC6H4N02-o 

(VI) 


Consequently,  in  order  to  prove  the  structure  of  the  products  obtained  by  us  conclusively,  we  may  use  one 
of  these  methods  for  their  synthesis;  Furthermore,  it  was  necessary  to  try  to  isolate  l-aminoindoles  by  hydrolysis 
of  the  anomalous  products  since,  on  the  one  hand,  this  would  also  prove  the  structure  of  the  latter  and,  on  the 
other,  would  make  it  possible  to  study  the  properties  of  the  former  compounds,  which  up  to  now  have  been  poorly 
accessible. 

After  establishing  the  structure  of  the  anomalous  products  it  was  necessary  to  elucidate  their  formation 
mechanism.  We  started  with  the  assumption  that  the  formation  of  nitriles  from  aldehyde  arylhydrazones  and 
anomalous  products  from  ketone  arylhydrazones  proceeded  by  the  same  mechanism. 

One  of  us  found  [8]  tiiatheating  to  150*  with  cuprous  chloride  caused  the  decomposition  of  phenylhydrazine 
with  the  evolution  of  nitrogen,  ammonia  and  aniline.  Even  earlier,  Struthers  [9]  observed  the  decomposition  of 
phenylhydrazine  in  the  presence  of  mercury  or  copper  cyanide  and,  besides  the  products  mentioned,  he  also  iso¬ 
lated  benzene.  It  seemed  to  us  that  this  process  might  be  connected  with  the  anomalous  course  of  the  Fischer 
reaction.  We  shall  not  mention  here  all  the  information  on  other  substances  which  cause  this  decomposition  of 
arylhydrazones, but  shall  only  examine  the  report  by  K.  Clusius  [10],  who  studied  the  catalytic  decomposition  of 
phenylhydrazine  labeled  with  the  isotope  N^,  using  cuprous  chloride.  The  author  synthesized  CeHsNH^N^H] 
and,  having  decomposed  it  in  a  special  apparatus,  isolated  nitrogen,  ammonia,  benzene  and  aniline  in  a  pure 
state.  All  nitrogen-containing  products  were  decompased  and  ihe  nitrogen  obtained  from  them  analyzed  for 
isotope  content.  It  must  be  noted  that  all  the  work  was  carried  out  with  0.6  g  of  the  substance,  but  with  great 
accuracy.  The  results  of  the  isotopic  analysis  are  given  in  Table  1  and  show  that  the  nitrogen  atoms  labeled 
with  the  isotope  passed  quantitatively  into  ammonia,  half  into  nitrogen, and  were  completely  absent  from 
aniline;  this  process  K.  Clusius  illustrated  by  the  scheme 


C.H 


6^5 


H 
'  ' 

■N  N 
I 


H 


H  I 

r  ~ 

CgHsIN— 


H 


According  to  Clusius,  one  phenylhydrazine  molecule  loses  nitrogen  and  hydrogenates  its  own  i^enyl  and 
a  second  molecule  with  the  elimination  of  the  amino  group. 


TABLE  1 


Substances 

Average  N15  content  (in  at.  %) 

found 

calculated 

Starting 

f  1)  N“h4C1  —  NaN^Og 

1  2)  phenylhydrazine 

4.86 

2.58 

„  0.38  *  4.86 

2.62  = - 5 - 

Reaction 

products 

[  ^  nitrogen 

2.56 

2.58 

1  ^  ammonia 

4.79 

4.78  =  2-2.58— 0.38* 

\  5)  aniline 

0.39 

0.38* 

*  N15  content  in  normal  nitrogen. 


On  the  basis  of  the  ideas  of  the  general  theory  of  conjugation,  we  proposed  the  following  explanation  for 
the  mechanism  of  die  catalytic  decomposition  of  phenylhydrazine.  The  catalyst  forms  a  complex  with  phenyl- 
hydrazine;  for  example,  QHsNHNHj'CuCN  [9],  2C6H5NHNH2  •  Cul  [8],  2C6H5NHNHJ •  ZnClj  [11],  etc.  have  been 
isolated.  Consequently,  some  part  of  the  phenylhydrazine  is  present  in  the  reaction  mass  as  a  complex  while  the 
other  part  remains  unchanged.  In  all  probability  both  nitrogen  atoms  in  the  complex  form  a  coordination  bond 
with  the  metal,  i.  e.,  for  example,  the  complex  with  Cul  has  die  structure  given  below  and  is  similar  to  the 
"chelate  compounds." 


CgHj— nh—NHj 
Cu 

NH-NH-C5H5 


In  forming  the  coordination  bond  the  metal  attracts  the  unshared  electron  pairs  from  the  nitrogen  atoms 
and  this  causes  a  certain  displacement  of  the  electrons  of  die  N— H  bond  toward  nitrogen,  i.  e.,  these  bonds  are 
weakened.  Furthermore,  the  N— H  bonds  are  copjugated  with  die  benzene  ring  bonds  which  makes  the  hydrogen 
atoms  even  more  labile.  In  free  phenylhydrazine  the  unshared  electron  pairs  give  to  the  nitrogen  atoms  a  nucleo' 
philic  character,  which  includes  the  capacity  of  these  atoms  to  form  hydrogen  bonds  [12,  13].  The  reaction  of 
the  complex  compound  and  free  phenylhydrazine,  proceeding  by  the  scheme 


- ►  <^^-N  =  NH  - ►  CgH,  +  Cu.* 

H  H 

NHj-NH-CgHs  - ►  NHj  +  NHjCgHj 

results  in  the  formation  of  diazobenzene,  ammonia  and  aniline.  Due  to  the  high  temperature  and  the  catalyst, 
the  diazobenzene  decomposes  to  nitrogen  and  benzene.  The  catalyst  is  thus  freed  and  again  forms  a  complex, 
and  diis  causes  further  conversions. 

This  explanation  agrees  fully  with  Clusius'  observations  and  shows  the  similarity  between  the  decomposi¬ 
tion  of  phenylhydrazine  and  the  known  reaction  of  hydrazobenzene  disproportionation  [14]. 

2C6H5-NH-NH-C«H5  ^  C„H5-N=N-C«H5-H2CeH5NH2 

In  this  case  the  azo  compound  is  stable  and  nitrogen  is  not  evolved. 

Disproportionation  is  caused  by  heating  or  irradiating  an  alcoholic  solution  of  the  hydrazo  compound  with 
uluaviolet  light.  Recently,  P.  F.  Holt  and  B.  P.  Hughes  [13]  investigated  the  thermal  decomposition  of  hydrazo¬ 
benzene,  containing  nitrogen  labeled  with  a  heavy  isotope.  The  azobenzene  obtained  did  not  differ  in  isotope 
content  from  the  starting  hydrazobenzene  which  showed  that  during  the  reaction  the  N— N  bond  was  not  broken, 
but  this  contradicts  the  radical  mechanism  of  disproportionation.  In  1912  Wleland  [16]  proposed  an  intermolecu- 
lar  oxidation-reduction  mechanism. 


QHs-NHNH-CeHs  CoHsN^NCoHg  -h  2H;  CeHg-NHNH-CeHg  2H  2C6H5NH2 

On  the  basis  of  their  experimental  results,  P.  F.  Holt  and  B.  P.  Hughes  consider  that  disproportionation  did 
occur  either  in  accordance  widi  Wieland's  mechanism  or  by  the  scheme 


CuHs-N-N-CuHfi  C„H5-N=N-C8H5 

H  H 

CeHs-N-N-CeHs  CeHgNH  -+•  HN-CeHs 

II  II 

H  H  H  H 
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In  order  to  prove  the  above  scheme  the  authors  made  cryoscopic  measurements  and  showed  that  associa¬ 
tion  of  hydrazobenzene  molecules  may  actually  occur. 

One  would  expect  that  a.fl -alkylphenylhydrazines  are  also  capable  of  disproportionation  to  form  amine, 
benzeneazoalkane  and  aniline.  It  is  possible  that  the  appearance  of  azo  compounds  and  hydrazones  observed  by 
M.  P.  Grammaticakis  [17]  in  alcoholic  solutions  of  alkyljdienylhydrazines  is  ako  due  to  this  process  and  not  to 
the  oxidation  of  the  hydrazine  with  aerobic  oxygen. 

It  seems  to  us  that  the  formation  of  nitriles  and  N-substituted  indoles  from  arylhydrazones  in  the  [xesence 
of  cuprous  chloride  may  be  explained  by  using  the  same  scheme  which  we  had  put  forward  above  for  the  catalytic 
decomposition  of  phenylhydrazine  and  disproportionation  of  hydrazobenzene. 


The  details  of  these  schemes  should  be  studied  and  confirmed  experimentally.  However,  we  do  not  question 
the  accuracy  of  such  a  mechanism. 

We  cannot  yet  prove  why  an  anomalous  Fischer  reaction  occurs  in  the  presence  of  cuprous  chloride  and  is 
not  observed  in  the  presence  of  zinc  chloride,  but  maintain  that  it  is  due  to  the  nature  of  the  metal.  Regrettably, 
the  complexes  of  phenylhydrazine  and  phenylhydrazones  have  not  yet  been  studied,  but  our  assertions  are  based 
on  the  following.  Firstly,  zinc  and  copper  chlorides  behave  differently  in  a  Fischer  reaction;  secondly,  the  com¬ 
plexes  of  these  salts  with  phenylhydrazine  have  a  different  reaction  to  heating;  die  zinc  complex  decomposes 
smoothly,  while,  as  one  of  us  noted  earlier,  the  copper  one  decomposes  widi  an  explosion  [8].  Apparently,  both 
nitrogen  atoms  in  the  copper  complex  are  under  quite  a  strong  influence  from  die  complex-former,  the  zinc, 
however,  either  combines  with  only  one  nitrogen  atom  of  the  arylhydrazone,  or  else  its  effect  on  the  nitrogen 
atom  is  less. 

It  is  interesting  to  note  that  if  cuprous  chloride  that  had  been  stored  for  a  long  time  was  used  for  the  reac¬ 
tion,  no  anomalous  product  could  be  isolated  though  neither  was  2-methylindole  formed  if  acetone  phenylhydra- 
zone  was  used. 


We  succeeded  in  finding  another  catalyst  for  the  anomalous  reaction  in  whose  presence  acetone  phenyl- 
hydrazone  gave  the  2-methylindol-N-aminide  of  acetone  (I)  in  a  70<^  yield  and  isovaleraldehyde  phenylhydra- 
zone  gave  the  corresponding  nitrile  (42<^).  This  catalyst  is  sulfanilic  acid,  which  also  catalyzes  the  decomposi¬ 
tion  of  phenylhydrazine  [18]  to  nitrogen,  ammonia,  aniline  and  benzene.  In  all  {vobability,  sulfanilic  acid  forms 
hydrogen  bonds  with  the  hydrazine  or  enehydrazine,  i.  e.,  in  this  case  the  free  base  would  be  the  reducing  agent. 


R-N-N-CeHj 


H  N 
6  6 

H0-S-C,H4-NH, 


Thus,  the  common  catalysts  of  the  two  analogous  processes  seem  to  us  to  give 
further  proof  of  their  common  mechanism. 

Interesting  observations,  confirming  our  mechanism,  are  contained  in  the  paper 
by  P.  Walther  [19].  In  particular,  the  author  found  that  heating  azobenzene  with  phenyl¬ 
hydrazine  gave  hydrazobenzene,  nitrogen  and  benzene,  and  that,  in  its  turn,  hydrazo- 
benzene  with  phenylhydrazine  gave  aniline,  nitrogen  and  benzene.  The  processes 
occurring  in  reactions  investigated  by  P.  Walther,  may  be  illustrated  thus 


C6H5-N=N-C6H5 

i  '  — 

H  H 

H-N-N-C9H5 

CjHs-NH-NH-CfiHs 

!  I 

H  H 

H-N— N-CgHs 


CeHs-NH-NH-CeHg 

H-N=N-C9H5  ->  N2-t-CeHe 
CeHsNHj-^-NHj-CaHfi 

H-N  =N-C6H6  Na  -h  CeHg 


The  reaction  of  a  hydroxyazo  compound  with  phenylhydrazine  has  die  same  mechanism  [20]. 

Oxidation-reduction  reactions  of  hydrazines  also  occur  in  the  formation  of  osazones. 

Many  authors  have  discussed  the  formation  mechanism  of  osazones  and  we  shall  not  repeat  here  the  various 
hypodieses  put  fnward  to  explain  it.  We  consider  that  at  least  in  the  case  of  an  aldose  the  reaction  proceeds  in 
die  following  way 


R-CH-CHO-^NH^NHCeHs  — ►  R-CH-CH=N-NHCcH5 


I 

OH 


OH 

R-C=CH-N — N-CgHs  — ►  R-C=CH-N=N-C6H6 

III  I 

OH  H  H  OH 


CeHs-NH-NHj 


CgHsNHa-*-  NHs 


We  have  already  mentioned  the  further  conversion  of  intermediate  azo  compound  in  discussing  the  me¬ 
chanism  of  the  Fischer  reaction  [15]. 

It  is  possible  that  ketoses  react  in  the  same  way  With  phenylhydrazine,  and  according  to  G.  Bloink  and 
K.  Pausacker's  scheme  [21],  with  methylj^enylhydrazine. 


R' 


R' 

I 


R-CH-CO-4-NH2NRiC6H5  — ►  R-CH-C=N-NRiC6H6 


OH 


I 

OH 


R'  R' 

I  I 

R-C=C-NH-NRiC6H5  R-CO-CH-NHNRiCfiHB-i-C6H6NRiNH2 


OH 


R' 

I 

R-C-CH-NHNRjCeHg 

N-NRiCeHs 
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R\c/« 

R-C^  I 


•NHa 


R' 


— ►  R-C-c!=NNRlC6H5^-NH^+^-HNR,-CeH5 

II  I  I  II 

CeHj-NRj-N  N.  .-NRi-CeHs  N 


I  ^H'- 
CeHg-NRi 


CeHs-NR 


Consequently,  the  statement  by  G.  Reddelien  [11]  on  the  mechanism  of  the  catalytic  decomposition  of 
phenylhydrazine  is  not  without  basis,  but  he  was  Incorrect  in  assuming  that  the  complex  was  the  oxidant. 

We  also  found  that  in  the  catalytic  decomposition  of  acetone  [^enylhydrazone  in  the  presence  of  ZnClf 
and  NiCl]  a  certain  amount  of  aniline  was  always  formed,  i.  e.,  apparently  in  these  cases  an  anomalous  reaction 
occurred  as  a  side  process.  Furthermore,  it  was  established  that  in  all  cases  studied  of  the  decomposition  of  ace¬ 
tone  phenylhydrazone,  a  gas  passed  through  the  ammonia  absorber  which  when  ignited,  burned  with  a  smoky 
flame.  The  smell  of  the  gas  was  reminiscent  of  benzene.  It  decolorized  an  acid  solution  of  potassium  perman¬ 
ganate  and  bromine  water.  It  appears  to  us  diat  besides  the  main  reaction,  in  these  cases  decomposition  of  a 
mixed  azo  compound  occurred,  as  its  partial  formation  cannot  be  excluded. 


^  CH3  /CH3 

C6H5NHNH-C=CH,  CeH8NH-N=C^  CeH5-N=N-CHC 

I  \CH3  I  \CH3 

CH3 

/CH3 

C8H,-f-N2-f-CH=CH2 

1.  e.,  the  gas  passing  through  the  absorber  in  all  probability  was  a  mixture  of  nitrogen  and  propylene,  possibly 
with  traces  of  benzene  vapor.  Thus,  in  one  experiment  in  decomposing  57  g  of  acetone  phenylhydrazone,  the 
losses,  mainly  of  unabsorbed  gas,  were  2.5  g. 

In  conclusion  we  note  that  we  could  not  solve  the  problem  of  why  all  arylhydrazones  did  not  undergo  the 
anomalous  reaction  in  the  presence  of  cuprous  chloride.  The  effect  of  sulfanilic  acid  as  a  catalyst  of  die  ano¬ 
malous  Fischer  reaction  is  being  studied  and  will  be  discussed  in  detail  in  a  future  report.  The  effect  of  a  sub¬ 
stituent  in  the  phenylhydrazine  nucleus  on  the  course  of  the  anomalous  reaction  is  also  being  studied. 

EXPERIMENTAL 

The  hydrazones  used  in  the  work  were  prepared  by  the  usual  methods  recommended  in  the  literature  and 
had  the  constants  given  in  Table  2. 

Decomposition  of  acetone  t^enylhydrazone  in  the  presence  of  cuprous  chloride.  25.5  g  of  hydrazone  and 
1.0  g  of  cuprous  chloride  were  heated  in  an  Arbuzov  flask  on  a  metal  bath.  The  reaction  began  at  180”  in  the 
bath  and  proceeded  for  35  min  with  a  bath  temperature  of  260-270*.  We  trapped  1.3  g  of  ammonia  (by  the 
anomalous  reaction  scheme  there  should  be  1.46  g  and  by  the  normal  Fischer  reaction  —  2.93  g).  A  gas  came 
through  die  ammonia  absorber,  which  smelled  of  benzene  and  burnt  with  a  smoky  flame,  on  ignition.  At  71”, 
several  drops  of  a  colorless  liquid  (n^  1.5010)  fell  into  the  receiver.  During  the  reaction  a  yellow  liquid  (b.  p. 
182-185”)  began  to  distill  off.  When  ammonia  was  no  longer  evolved,  the  dark  reaction  mixture  was  distilled 
in  vacuum  to  give  a  certain  amount  of  a  yellow  liquid  and  a  dark  red  tarry  residue.  The  distillate  was  then 
separated  into  two  fractions  by  distillation:  1st  68-75”  (10mm),  7.8  g;  2nd  138-139”  (10  mm),  3.3  g. 

The  first  fraction  was  treated  with  acetic  anhydride  to  give  a  solid  substance  with  m.  p.  112.5-113”  (from 
water),  which  melted  at  112”,  when  mixed  with  acetanilide,  i.  e.,  we  had  isolated  aniline. 

The  2nd  fraction  (yield  20.6‘^)  had  the  following  constants: 

df  1.0520,  ng  1.5801,  MRp  58.94,  calculated  59.09.  Found  ‘Jfc:  N  15.21,  15.12.  CuH^N,  (I).  Calcu¬ 
lated  <^:  N  15.05. 
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TABLE  2 


d 

2 

• 

0. 

X 

u 

Phenylhydrazones 

Melting 

point 

Boiling 

point 

B 

"d 

MRo 

Yield 

(%) 

1 

Acetone 

128°  (10  mm) 

1.0123 

1.5865 

49.15 

83.2 

2 

Methyl  isopropyl  ketone 

— 

108.5  (0.5  mm) 

0.9751 

1.5639 

58.78 

93.6 

3 

Pinacolln 

— 

147.9  (12  mm) 

— 

1.5525 

— 

— 

4 

Acetophencxie 

104.5° 

— 

— 

— 

— 

98 

5 

p-Chloroacetophenone 

113-114 

— 

— 

— 

— 

94 

6 

Pyruvic  acid 

179—181 

— 

— 

— 

87.5 

7 

Isovaleraldehyde 

— 

115—116  (1.5  mm] 

0.9722 

1.5611 

58.74 

92 

8 

Ethyl  pyruvate 

114 — 115 

— 

*“ 

— 

— 

- - 

9 

Acetone  methylphenylhy- 

drazone 

116—117  (15mm) 

1.5578 

The  substance  did  not  give  an  indole  reaction  with  a  pine  splinter.  It  dissolved  in  dilute  acids  and  also 
in  acetone,  edier,  alcohol  and  benzene. 

For  hydrolysis  of  the  substance  with  b.  p.  138-139*  (10  mm)  (2nd  fraction),  1.5  g  of  it  was  dissolved  in 
20  ml  of  Ky’h  sulfuric  acid  and  the  solution  boiled  under  reflux  for  5  hrs.  Then  the  reflux  condenser  was  exchanged 
for  a  straight  one  and  12  ml  of  liquid  distilled  off.  A  dark  mobile  liquid  remained  in  die  flask.  To  5  ml  of  the 
distillate  were  added  5  drops  of  salicylaldehyde  and  2.5  ml  of  concentrated  sulfuric  acid.  After  heating,  an 
orange  red  color  appeared  in  the  upper  layer  —  a  characterictic  reaction  for  acetone.  A  blank  experiment  gave 
a  yellow  color;  consequently,  the  substance  contained  the  —  N  =  C(CH3)s  group. 

Determination  of  the  active  hydrogen  by  the  Chugaev-Tserevitinov  method  showed  that  the  substance  con¬ 
tained  three  labile  hydrogen  atoms,  corresponding  to  the  a-CHj  group  of  indole. 

Decomposition  of  methyl  isotxopyl  ketone  phenylhydrazone  in  the  presence  of  cuprous  chloride.  29.9  g 
of  hydrazone  and  0.8  g  of  catalyst  were  reacted.  Dectxnposition  began  at  a  bath  temperamre  of  210*  and  then 
proceeded  at  a  bath  temperature  of  240-270*.  We  trapped  1.4  g  of  ammonia  (for  the  anomalous  reaction  there 
should  be  1.45  g).  During  die  decomposition,  a  yellow  liquid  distilled  off  at  170-189*.  A  further  small  amount 
of  yellow  liquid  came  over  during  vacuum  distillation  of  the  dark  reaction  mixture,  with  b.  p.  58-170*  (13  mm) 
(decomp.). 

Subsequent  distillation  of  the  liquid  at  10  mm  gave  the  following  fractions:  1st  57-78*,  a  yellow  liquid; 

2nd  144-145*,  2.2  g,  a  bright  yellow  liquid;  3rd  148-155*,  1.3  g  ,  a  yellow  liquid. 

By  treating  it  with  acetic  anhydride,  we  obtained  acetanilide  with  m.  p.  113*  from  the  1st  fraction;  the 
mixed  melting  point  was  112-113*. 

The  substance  of  the  2nd  fraction  was  insoluble  in  water,  but  dissolved  in  dilute  sulfuric  acid,  acetone  and 
alcohol.  On  standing  in  air,  it  became  red. 

For  hydrolysis  of  the  substance  with  b.  p.  144-145*  (10  mm)  (2nd  fraction),  0.95  g  of  it  was  dissolved  in 
15  ml  of  10<!b  H2SO4  and  boiled  under  reflux  for  4  hrs.  Then  10  ml  of  liquid  was  distilled  off  and  the  distillate 
treated  with  an  acid  solution  of  dinitrophenylhydrazine.  The  jxecipitate  was  recrystallized  from  alcohol  and 
melted  at  117-118*.  A  mixture  witfi  methyl  isopropyl  ketone  dinitro{^enylhydrazone  melted  at  117*.  Conse¬ 


quently,  methyl  isopropyl  ketone  was  liberated  on  hydrolysis,  i.  e.,  the  substance  contained  the  — j 


group. 


Found  N  11.73.  CjjHaNj  (H).  Calculated  N  11.56. 
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Decomposition  of  acetone  phenylhydrazone  tn  the  presence  of  sulfanllic  acid.  33.0  g  of  hydrtzone  and 
0.3  g  of  sulfanllic  acid  were  heated  in  an  Arbuzov  flask  on  a  Wood’s  metal  bath.  The  evolution  of  ammonia 
began  at  a  badr  temperature  of  200*;  the  reaction  proceeded  vlgo.ously  at  240*  and  was  complete  after  3.5  hrs. 

A  gas  passed  through  the  ammonia  absorber,  which  burnt  widi  a  smoky  flame  on  ignition.  We  trapped  1.7  g  of 
ammonia  (for  the  anomalous  reaction  there  should  be  1.9  g).  Vacuum  distillation  of  the  reaction  mixture  gave 
24.2  g  of  a  yellow  liquid  and  4.0  g  of  tar  was  left  In  the  flask. 

Distillation  of  the  liquid  gave  the  following  fractions:  1st  72-78*  (13  mm),  7.7  g;  2nd  130-135*  (11  mm), 
14.9  g:  residue  1.4  g. 

From  the  1st  fraction  we  isolated  7.2  g  of  aniline,  which  was  identified  as  acetanilide.  A  second  distilla¬ 
tion  of  the  2nd  fraction  at  6  mm  gave  two  fractions:  1st  120-130*,  0.8  g;  2nd  132-133*,  14.0  g;  residue  0.1  g. 

The  2nd  fraction  of  the  second  distillation  was  the  anomalous  product  and  had  the  constants:  n^  1.5808, 
dl”  1.0532,  close  to  those  given  above  for  substance  (I).  The  yield  was  70<^;  the  same  as  die  yield  of  aniline. 

The  substance  did  not  crystallize  at  — 70*  (cooling  mixture:  dry  ice  +  ether). 

Decomposition  of  isovaleraldehyde  jdiehylhydrazone  in  the  presence  of  sulfanilic  acid.  25.7  g  of  hydrazone 
and  0.2  g  of  catalyst  were  reacted.  Decomposition  began  when  the  badi  temperature  reached  200*  and  was  com¬ 
plete  after  1  hr  at  a  bath  temperature  of  260*.  The  vapor  temperature  of  the  liquid  distilling  off  was  170*.  We 
trapped  0.1  g  of  ammonia.  With  slight  decomposition,  16.0  g  of  a  yellow  liquid  distilled  off  with  b.  p.  135-140* 
and  7.7  g  of  a  dark  red  tar  was  left  in  the  reaction  flask.  Subsequent  distillation  of  the  liquid  obtained  gave  the 
following  fractions:  1st  128-130*,  5.0  g;  2nd  178-186*,  7.1  g. 

The  substance  of  the  1st  fraction  was  identified  as  isovaleronitrile  by  the  boiling  point  and  characteristic 
smell;  the  yield  was  42<^.  The  2nd  fraction  was  aniline  (acetanilide  was  prepared),  which  was  obtained  in  53<)(» 
yield. 

Decomposition  of  acetophenone  i^enylhydrazone.  25.0  g  of  the  phenylhydrazone  and  0.8  g  of  cuprous 
chloride  were  heated  in  an  Arbuzov  flask  on  a  Wood's  metal  bath  in  an  atmosphere  of  CO|.  Evolutirm  of  am¬ 
monia  began  at  190*  (in  the  bath)  and  was  accompanied  by  the  formation  of  a  white  deposit  in  die  condenser  — 
(NH4)tC03.  The  decomposition  was  complete  after  1.5  hr  at  a  bath  temperature  of  270*.  We  trapped  0.9  g  of 
NH3  (for  the  anomalbus  reaction  1.01  g  should  be  liberated).  The  brown  reaction  mixture  was  distilled  at  2  mm 
to  give  the  following  fractions:  1st  45-50*,  4.1  g,  n§  1.5764;  2nd  135-170*,  0.8  g,  crystallized;  residue  18.0  g 
(tar). 

The  1st  fraction  was  mainly  aniline,  identified  by  preparing  acetanilide.  The  2nd  fraction  was  recrystallized 
from  ligroin  to  give  0.3  g  of  yellow  plates  with  m.  p.  184-185*,  which  sublimed  on  heating.  They  dissolved  in 
ether  and  benzene.  A  mixture  with  2-phenylindole,  prepared  by  E.  Fischer’s  method,  melted  at  184-186*;  con¬ 
sequently,  2-phenylindole  was  isolated. 

Another  time  85.0  g  of  phenylhydrazone  was  decomposed  in  the  presence  of  0.9  g  of  cuprous  chloride. 
Decomposition  began  at  215*,  proceeded  vigorously  at  a  bath  temperature  of  250-260*  and  was  acccxnpanied 
by  the  evolution  of  ammonia  and  a  gas,  which  passed  dirough  absorbers  with  water  and  sulfuric  acid,  burnt  with 
a  smoky  flame  and  had  the  smell  of  benzene.  We  trapped  4.2  g  of  ammonia  (for  the  anomalous  reaction  3.4  g 
is  required). 

About  50  g  of  the  mass  obtained  was  placed  in  a  flask,  through  which  steam  was  passed.  The  mass  became 
liquid.  Approximately  1000  ml  of  distillate  was  collected,  containing  only  traces  of  oil.  Thus  the  reacticm  pro¬ 
duct  did  not  contain  substances,  volatile  in  steam. 

Decomposition  of  p-chloroacetot^enone  phenylhydrazone.  12.0  g  of  {^enylhydrazone  and  0.5  g  of  cuprous 
chloride  were  used.  Decomposition  began  at  170*  (bath  temperature).  At  240*  we  observed  the  vigtxous  evolu¬ 
tion  of  ammonia  and  a  combustible  gas.  0.4  g  of  NH3  was  evolved  (theoretical  also  0.4  g)  and  1.1  g  of  a  turbid, 
colorless  liquid  distilled  off  in  the  range  68-115*.  On  distillation,  we  obtained  0.5  g  of  a  substance  widi  b.  p. 
170-185*  (3  mm);  a  deposit  of  yellow  crystals  was  formed  on  the  walls  of  the  apparatus;  then  decomposition 
began  and  distillation  was  stopped. 
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and  0.5  g  of  zinc  chloride  were  heated  in  Arbuzov  flask  on  a  metal  bath.  The  reaction  began  when  the  bath 
temperature  reached  230*  and  proceeded  for  3  hrs  at  a  temperature  of  240*-250*.  The  reaction  was  accom¬ 
panied  by  die  evolution  of  ammonia,  which  was  absorbed  in  water  and  sulfuric  acid  and  a  gas,  which  passed 
through  the  absorbers  and  burnt  with  a  smoky  flame.  2.4  g  of  ammonia  wds  liberated  (theoretical  3.36  g).  Dis¬ 
tillation  of  the  reaction  mixture  in  vacuum  gave  18.6  g  of  a  yellow  liquid. 

On  distilling  this  liquid,  we  collected  the  following  fractions:  1st  40-50*  (3  mm),  2.6  g,  n*  1.5778;  2nd 
98-102*  (2  mm),  2.8  g;  3rd  103-105*  (2  mm),  12.5  g,  n^  1.6016;  the  residue  was  a  small  amount  of  a  mobile 
cherry  red  tar. 

The  1st  fraction  gave  a  crystalline  product  with  acetic  anhydride,  which  melted  at  112.5-114*  after  boil¬ 
ing  with  animal  charcoal  and  recrystallization  from  water,  i.  e.,  it  was  acetanilide  (mixed  melting  point).  Con¬ 
sequently,  the  main  part  of  the  first  fraction  was  aniline. 

The  2nd  and  3rd  fractions  crystallized  on  standing  and  were  recrystallized  from  aqueous  alcohol  to  give 
14.5  g  (60‘5fc)  of  2-methylindole  with  m.  p.  58.5-59.5*. 

On  heating  2-methylindole  with  acetone  phenylhydrazone  in  the  presence  of  cuprous  chloride,  tar  forma¬ 
tion  occurred  and  ammonia  was  evolved  at  190*.  The  anomalous  product  was  not  isolated  from  the  thick  reac¬ 
tion  mixture. 
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b)  57.1  g  of  phenylhydrazone  and  1.0  g  of  cuprous  chloride  were  heated  under  the  same  conditions  as  in 
the  first  experiment.  The  gas,  passing  through  the  ammonia  trap,  was  passed  through  an  acid  solution  of  KMn04 
and  bromine  water.  We  observed  the  decoloration  of  the  brcxnine  water  widiout  the  evolution  of  HBr  and  the 
KMn04  solution  (rapidly),  if  it  was  heated  to  40*.  The  gas  causing  the  decoloration,  had  a  smell  reminiscent 

of  the  smell  of  benzene  and  burnt  quietly  with  a  smoky  flame  on  ignition.  During  the  reaction,  which  lasted 
for  195  min,  2.5  g  of  a  gas,  which  was  not  absorbed  by  acid,  was  liberated.  We  trapped  3.1  g  of  ammonia 
(theoretical  3.27  g).  During  the  reaction,  14.5  g  of  a  yellow  liquid  distilled  off  and  then  a  further  25.1  g  of 
reaction  product  was  distilled  off  in  vacuutii  (14  mm)  to  leave  a  residue  of  tar.  Subsequent  fractionation  in 
vacuum  gave  the  following  fractions:  1st  42*  (50  mm),  a  few  drops  of  a  colorless  liquid;  2nd  79-83*  (16  mm), 
ng  1.5630,  15.35  g;  3rd  140-146*  (16  mm),  ng  1.5818,  13.25  g;  4th  148-150*  (16  mm)  (decomp.);  5th-  tar. 

A  second  distillation  of  the  3rd  and  4th  fractions  gave  13.1  g  (40. 7<^)  of  2-methylindole-l-aminide  of 
acetone  with  b.  p.  139-141*  (12  mm),  ng  1.5805.  From  the  2nd  fraction  we  obtained  acetanilide  (m.  p.  112.5- 
113*),  i.  e.,  it  was  mainly  aniline. 

c)  16.2  g  of  phenylhydrazone  and  20.7  g  of  cuprous  chloride  were  heated  in  a  distillation  apparatus  on  a 
metal  bath.  At  160*  (in  the  bath)  the  liquid  reaction  mixture  began  to  boil  and  frothed  vigorously.  The  process 
gradually  speeded  up  and  ended  With  the  reaction  mixture  coming  out  of  the  flask,  when  even  cooling  the  flask 
with  water  did  not  help.  The  brown  reaction  mixture  became  green  in  air.  If  the  reaction  vessel  was  not  cooled, 
then  an  explosion  occurred  in  which  a  voluminous,  yellow  smoke  was  formed. 

d)  From  a  catalytic  decomposition  using  16.4  g  of  phenylhydrazone  and  0.2  g  of  nickelous  chloride,  we 
obtained  7.1  g  of  a  crystalline  substance  with  m.  p.  58-59*,  corresponding  to  2-methylindole  with  the  charac¬ 
teristic  smell  of  indole,  and  0.95  g  of  aniline.  The  decomposition  was  acctxnpanied  by  die  evolution  of  am¬ 
monia  and  a  gas,  which  passed  through  traps  with  water  and  sulfuric  acid  and  burnt  on  ignition. 

The  reaction  of  t^enyUiydrazine  with  cuprous  chloride  and  zinc  chloride.  On  mixing  different  wei^ts 
of  phenylhydrazine  and  cuprous  chloride,  we  observed  heating  up  from  19  to  65*.  After  heating  the  mixture  to 
80*,  vigorous  evolution  of  heat  began,  at  first  without  the  formation  of  ammonia.  The  reaction  finished  with 
an  explosion,  when  the  temperature  of  the  mixture  reached  260*. 

The  reaction  of  phenylhydrazine  with  zinc  chloride  was  studied  similarly;  in  this  case  the  mixture  heated 
up  to  80*.  On  heating  the  mixture,  which  crystallized  on  cooling,  above  100*,  decomposition  began  with  the 
evolution  of  ammonia  and  benzene  vapor. 


SUMMARY 

1.  We  studied  the  catalytic  decomposition  of  the  i^enylhydrazones  of  acetone,  mediyl  isopropyl  ketone, 
pinacolin,  pyruvic  acid,  ethyl  pyruvate,  acetophenone  and  p-chloroaceto[^enone  and  the  methylphenylhydra  - 
zone  of  acetone  in  the  presence  of  cuprous  chloride. 

2.  It  was  established  that  in  catalytic  decomposition  in  the  presence  of  cuprous  chloride,  ketcxie  phenyl- 
hydrazones,  not  containing  CH2  groups  next  to  the  carbonyl,  do  not,  as  a  rule,  form  indoles,  corresponding  to 
the  scheme  of  the  Fischer  reaction. 

We  isolated  the  anomalous  reaction  products  of  the  phenylhydrazones  of  acetone  and  mediyl  isopropyl 
ketone  and  established  their  structure. 

3.  We  found  that  sulfanilic  acid  is  a  catalyst  of  the  anomalous  Fischer  reaction. 

4.  We  showed  the  analogy  between  and  gave  the  general  scheme  for  the  reaction  mechanism  of  the  cata¬ 
lytic  decomposition  of  phenylhydrazine,  the  anomalous  decomposition  of  some  ketone  phenylhydrazones  and 
the  formation  of  nitriles  fromaldehyde  phenylhydrazones',  first  found  by  A.  E.  Arbuzov  in  1911-1913. 
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SOME  DETAILS  OF  THE  PREPARATION  OF  THE  FREE  RADICAL 
a,a-DIPHENYL-8  -  T  RINITROPH  EN  Y  LHY  DR  A  Z  Y  L 


A.  E.  Arbuzov  and  F.  G.  Valitova 


In  recent  years  certain  free  radicab  have  been  used  as  standards  for  calibrating  magnetic  fields  in  experi¬ 
ments  on  electron  magnetic  resonance.  Of  the  free  radicab  used  for  this  purpose,  a  radical  of  the  hydrazyl  type  — 
o,a-diphenyl-S  -trinitroprfienylhydrazyl  —  has  been  used  the  most.  It  is  exceptionally  stable  and  can  be  stored 
for  years  in  an  ordinary  test  tube  widiout  apparent  change. 

Goldschmidt  and  Renn  [1]  prepared  the  free  radical  a,a-di|^enyl-6 -trinitrophenylhydrazyl. 

The  method  of  preparing  it  was  described  in  detail  in  the  article  published  by  them.  However,  though 
following  the  author's  instructions,  we  could  never  prepare  the  hydrazyl  radical  in  an  at  all  satisfactory  yield. 

In  finding  out  the  reason  for  the  poor  yields  of  the  hydrazyl,  we  establbhed  by  a  series  of  experiments  that 
absolutely  pure  a,a-di[^enylhydrazine  must  be  used  for  successful  synthesis  and  therefore  great  care  must  be 
taken  in  preparing  the  latter. 

E.  Fischer  [2]  was  the  first  to  prepare  a,a-diphenylhydrazine  by  reducing  diphenylnitrosamine  with  zinc 
dust  in  glacial  acetic  acid.  The  author  did  not  mention  the  hydrazine  yield.  Certain  modifications  that  we 
made  to  separate  details  of  the  Fischer  synthesis  have  resulted  in  a  reliable  method  of  preparing  chemically 
pure  unsymmetrical  diphenylhydrazine  and  then  from  it  the  free  radical. 

One  of  the  main  conditions  for  successful  hydrazine  synthesis  was  the  use  of  finely  pulverized  zinc  dust 
with  no  traces  of  oxidation  (Kahlbaum  type).  In  this  case  the  hydrazine  yield  was  on  the  average  35%. 

After  that,  in  accordance  with  [1],  the  diphenylhydrazine  was  treated  withpicryl  chloride  to  give  a,a- 
diphenyl-8 -trinitrophenylhydrazine.  The  free  radical,  a,a-diphenyl-8  -trinitrophenylhydrazyl,  was  readily 
prepared  by  oxidizing  the  latter  widi  lead  dioxide. 

EXPERIMENTAL 

Preparation  of  a,a-diphenylhydrazine.  To  be  successful,  the  experiment  required  a  vigorous  stirrer. 
Contrary  to  the  directions  of  E.  Fischer,  in  our  experiments  the  zinc  dust  was  not  placed  in  the  flask  beforehand, 
but  was  added  during  the  course  of  the  reaction  in  small  portions.  On  using  60  g  of  diphenylnitrosamine,  95  g 
of  zinc  dust  and  250  g  of  glacial  acetic  acid,  the  reaction  was  complete  in  4-5  hrs.  The  end  of  the  reaction 
was  determined  by  Fbcher's  method,  i.  e.,  when  a  filtered  test  sample  did  not  give  a  green-blue  color  on  adding 
strong  hydrochloric  acid. 

After  filtering  off  the  precipitate  of  zinc  acetate  and  excess  zinc  dust,  approximately  a  quarter  of  the 
solvent  was  evaporated  off  under  reduced  pressure  at  a  bath  temperature  no  higher  than  30-40*.  If  these  con¬ 
ditions  were  not  observed,  the  solution  darkened  and  a  tar  was  produced.  The  residue  was  diluted  with  an 
equal  volume  of  water  and  then  1.5-1.75  liters  of  strong  hydrochloric  acid  (d  1.19)  added.  After  1-2  hrs,  grey- 
blue,  needle -like  crystab  separated  from  the  solution.  The  crystab  were  filtered  off  and  dissolved  in  hot  10% 
hydrochloric  acid  (1.5-2  liters)  and  after  adding  animal  charcoal,  the  solution  was  brought  to  boiling. 

The  solution  obtained  was  filtered  and  to  the  filtrate  was  again  added  1.5-2  liters  of  strong  hydrochloric 
acid  (d  1.19).  On  cooling,  the  solution  deposited  white  crystab  with  a  bluish  tint  of  a,a-diphenylhydrazine 
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hydrochloride,  which  were  filtered  off  and  washed  slightly  with  water.  Without  further  purification  the  substance 
was  quite  suitable  for  subsequent  operations. 

To  isolate  diphenylhydrazine  itself,  the  crystals  of  diphenylhydrazine  hydrochloride  were  treated  with  30 
aqueous  sodium  hydroxide  solution  (200-250  ml),  and  the  bulk  of  the  base  floated  to  the  surface  in  the  form  of 
dirty  bluish  curds.  After  half  an  hour,  the  alkaline  solution  together  with  the  floating  mass  was  extracted  3  times 
with  ether  (100  ml  each),  the  ether  solution  washed  with  water  till  the  disappearance  of  an  alkaline  reaction 
(to  litmus),  the  ether  distilled  down  to  half  its  volume  on  a  water  bath  and  the  rest  of  the  ether  removed  in  vacuum. 

The  residue  —  a  dark  red  oil  —  was  distilled  in  vacuum  with  an  air  condenser.  The  a,a-diphenylhydrazine 
distilled  widiout  signs  of  decomposition  at  175*  (10  mm)  as  a  pale  yellow  oil,  which  quickly  crystallized.  In  a 
series  of  experiments,  a  second  distillation  did  not  change  the  boiling  point  of  the  hydrazine. 

The  yield  of  pure  a,a-diphenylhydrazine  was  19.5  g  (35%). 

Then  the  preparation  of  the  free  radical  a,a-diphenyl- 0 -trinitrophenylhydrazyl  was  carried  out  according 
to  [1]  and  did  not  present  any  particular  difficulties. 

SUMMARY 

1.  We  thorou^ly  developed  and  improved  the  Fischer  method  for  preparitig  pure  a,a-diphenylhydrazine. 

2.  The  a,a-diphenylhydrazine,  prepared  by  the  method  described  above  may  be  used  successfully  for 
preparing  the  free  radical  a,a-diphenyl-0 -trinitrophenylhydrazyl. 
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THE  REACTION  OF  HALOGEN  DERIVATIVES  OF  SOME  8-DISULFONES 


WITH  SODIUM  .DIETHYLPHOSPHITE  AND  TRIETHYL  PHOSPHITE 
B.  A.  Arbuzov  and  N.  P.  Bogonostseva 


The  Investigation  we  carried  out  previously  [1]  showed  that  the  reaction  of  halogen  derivatives  of  B  -di- 
carbonyl  compounds  with  sodium  diethylphosphite  and  triethyl  phosphite  proceeds  anomalously  and  results  in  the 
formation  of  reduction  products  of  the  halogen  derivatives.  Thus,  for  example,  in  the  case  of  dibenzoylbromo- 
methane  .dibenzoylmethane  is  formed  and  tribenzoylmethane  is  formed  from  tribenzoylbromometfaane. 

We  proposed  a  radical  mechanism  to  explain  the  anomalous  course  of  the  reaction. 

Later  Kreutzkamp  [2]  also  observed  the  reduction  of  chloro  derivatives  of  S  -dlcarbonyl  compounds  by  treat¬ 
ing  them  with  triethyl  phosphite  (chlorobenzoylacetone,  tribenzoylchlorometfiane).  He  also  put  forward  a  hypo¬ 
thesis  on  the  radical  character  of  the  conversions  to  explain  the  course  of  the  reaction,  as  it  is  accelerated  by 
ultraviolet  radiation  or  peroxides. 

Continuing  our  investigations,  we  studied  the  reaction  of  sodium  diediylphosphite  and  triethylphosi^ite 
with  the  halogen  derivatives  of  disulfones,  which  are  known  to  be  similar  to  the  halogen  derivatives  of  B  -diketones. 

We  investigated  the  following  halogen  derivatives:  CBr|(S02C2H5)2,  CCl2(SO|C2H5)s,  CH2CBr(S02C2H5)2. 

In  this  case,  too,  the  reactions  proceeded  anomalously.  Instead  of  the  esters  of  the  corresponding  phos- 
phinic  acids,  the  corresponding  disulfonylmethanes  were  obtained. 

In  the  case  of  reactions  of  halogen  derivatives  of  disulfones  with  triethylphosphite,  besides  reduction  of 
the  halogen  derivatives,  we  observed  abo  the  alkylation  of  dbulfonylmethanes. 

Sodium  diethylphosphite  reacted  with  dibromodi-(ethybulfonyl)-methane  to  give  di-(ethybulfonyl)-methane 
in  79%  yield.  In  addition,  we  obtained  a  triethylphosphate  and  a  high  boiling  product,  which  was  found  to  be 
di-(diethylphosphonyl)-methane. 

Due  to  the  similarity  of  the  physical  properties  and  the  analytical  data  of  di-(diethylphosphonyl)-methane 
and  tetraethylpyrophosphate,  the  formation  of  di-(diethylphosphonyl)-methane  was  proved  by  testing  fat  insecti¬ 
cide  effect.  Tetraethylpyrof^osj^ate  has  a  strong  insecticide  effect,  while  di-(diethylphosphonyl)-methane  does 
not.  The  reaction  product  of  dibromodi-(ethylsulfonyl)-mediane  with  sodium  diethylphosphite  was  tested  on  grain 
weevils  and  showed  no  insecticide  activity.* 

The  isolation  of  di-(diethyl[^osphonyl)-methane  was  somewhat  unexpected.  Its  formation  during  the  reac¬ 
tion  may  be  explained  by  die  reaction  of  sodium  diethylphosphite  with  di-(ethybulfonyl)-methane  formed  during 
the  reaction 


CH2(S02C2H5)2-l-2NaP0(0C2Hs)2  -►  CH2[P0(0C2H5)2]2-4-2C2H6S02Na 

However,  the  experiments  on  the  reaction  of  di-(ethybulfonyl)-methane  with  sodium  diethylphosphite  did 
not  give  positive  results. 

•  We  would  like  to  thank  M.  A.  Kudrina  (Kazan  Branch  of  the  Academy  of  Sciences  USSR)  for  testing  the  insec¬ 
ticide  effect  of  the  preparations. 
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The  reaction  between  dichlorodi-(ethylsulfonyl)-methane  and  sodium  diethylphosphite  proceeded  analo¬ 
gously  widi  the  formation  of  di-(ethylsulfonyl)-methane  and  triethylphosphate.  We  could  not  isolate  di-(diethyl- 
phosphonyl)-methane  in  this  case. 

The  reaction  between  sodium  diethylphosphite  and  methyldi-(ethylphosphonyl)-methane  bromide  proceeded 
in  a  similar  way.  Methyldi-(ethylsulfonyl)-methane  and  triethylphosphate  were  obtained. 

The  reaction  of  halogen  derivatives  of  disulfonylmethanes  with  triethylphosphite  was  more  complicated  and 
was  accompanied  by  alkylation  reactions.  Thus,  reaction  of  dichloro-(ethylsulfonyl)-methane  with  triethylphos¬ 
phite  gave  di-(ethylsulfonyl)-methane  and  ethyldi-(ethylsulfonyl)-melhane. 

Ethyldi-(ethylsulfonyl)-methane  was  ako  prepared  by  reacting  triethylphosphite  with  dibromodi-(ethyl- 
sulfonyl)-methane.  Only  the  reduction  puroduct  —  methyldi-(ethykulfonyl)-methane  —  was  kolated  in  the  case 
of  methylbrombdi-(ethylsulfonyl)-methane  and  triethylphosphite.  In  all  cases,  the  reactions  were  accompanied 
by  the  formation  of  triethylphosphate.  The  alkylating  reagent,  was,  probably,  triethylphosphite.  However, 
direct  experiments  of  alkylating  di-(ethylsulfonyl  )-methane  with  triethylphosphite  did  not  give  positive  results. 

The  mechanism  of  the  interesting  reactions  between  halodisulfonylmethanes  and  sodium  diethylphosphite 
or  triethylphosphite  cannot  be  considered  as  elucidated.  Oxidation-reduction  reactions  take  place.  These  reac¬ 
tions  proceed  when  care  k  taken  not  to  allow  In  moisture  from  the  air.  They  ako  proceed  when  the  air  is  replaced 
by  nitrogen.  Therefore,  it  is  improbable  that  the  oxidation-reduction  processes  occur  due  to  the  hydrogen  and 
oxygen  of  water  or  aerobic  oxygen. 

It  is  known  from  the  literature  that  halogen  derivatives  of  disulfonylmethane  are  readily  reduced.  Thus, 
dibromodi-(butykulfonyl) -methane  was  reduced  to  di-(butykulfonyl)-methane  with  potassium  iodide  [3].  Di- 
(ethykulfonyl)-diiodomethane  was  reduced  to  dl-(ethykulfonyl)-methane  when  treated  with  sodiomalonic  ester 
[4].  The  latter  reaction  k  particularly  close  in  character  to  the  conversions  described  in  this  work. 

It  seems  to  us  that,  most  probably,  the  reactions  given  in  this  report  occur  with  the  participation  of  free 
radicak. 


EXPERIMENTAL 

Preparation  of  ethyl  mercaptan.  Of  all  the  methods  described  for  the  preparation  of  ethyl  mercaptan,  the 
most  rapid  and  effective  k  the  method  of  preparing  it  horn  thiourea.  As  a  bask  we  used  the  method  of  preparing 
n-dodecyl  mercaptan  [5],  but  tlie  conditions  were  considerably  changed  and  simplified.  By  this  method  it  was 
possible  to  prepare  considerable  amounts  of  ethyl  mercaptan  without  difficulty. 

76  g  of  thiourea,  100  ml  of  rectified  alcohol  and  156  g  of  ethyl  iodide,  or  109  g  of  ethyl  bromide  were 
placed  in  a  round-bottomed  flask  with  a  Wurtz  head  and  a  straight  condenser,  and  while  the  flask  was  shaken, 
it  was  carefully  heated  on  a  water  bath.  It  was  necessary  to  take  care  that  the  alkyl  halide  and  the  alcohol  did 
not  distill  off. 

After  solution  of  the  thiourea,  a  solution  of  50  g  of  sodium  hydroxide  in  150  ml  of  water  was  quickly  added 
and  the  solution  immediately  heated  on  a  water  bath  until  the  product  distilled  off.  The  ethyl  mercaptan  was 
collected  in  an  ice-cooled  receiver.  To  the  outlet  of  the  adapter  was  attached  a  rubber  tube,  which  was  im¬ 
mersed  in  a  flask  over  concentrated  potassium  permanganate  solution. 

Strong  cooling  of  the  receiver  and  removal  of  the  mercaptan  vapor  in  the  permanganate  solution  eliminated 
the  smell  and  considerably  increased  the  yield  of  product. 

The  ethyl  mercaptan  was  washed  free  from  alccAol  with  water  and  dried  overnight  with  baked  sodium  sul¬ 
fate;  then  it  was  distilled  from  an  Arbuzov  flask  with  ground  glass  joints. 

From  the  given  amounts  of  materiak,  we  obuined  47.5  g  (91.4^)  of  crude  product  or  45  g  (92.2<^)  of  dry 
ethyl  mercaptan.  The  operation  requited  2.5-3  hours. 

Reaction  of  sodium  diethylphosphite  with  dibrombdiethykulfonylmethane.  The  reaction  was  carried  out 
in  a  round -bottomed  flask  with  a  reflux  condenser,  containing  an  ether  solution  of  sodium  diethylphosphite  (6g 
of  diethylphosf^orus  acid,  1  g  of  metallic  sodium  and  100  ml  of  absolute  ether). 
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6,8  g  of  dibromodiethylsulfonylmethane  [6],  dissolved  In  dry  benzene  (dissolved  by  heating),  was  added 
dropwise  to  the  sodium  diethylphosphite.  The  reaction  proceeded  vigOTOUsly  and  the  reaction  mixture  boiled 
up  energetically.  A  voluminous  white  precipitate  formed  and  the  liquid  became  yellow.  The  precipitate  was 
sodium  bromide;  the  yield  of  it  was  quantitative. 

After  removal  of  the  ether  and  the  benzene  from  the  filtrate,  crystals  deposited  with  m.  p.  102-104*.  They 
did  not  depress  the  melting  point  of  diethylsulfonylmediane.  The  yield  was  3  g. 

The  filtrate  was  distilled  in  vacuum;  fractions  were  collected:  1st  60-73*  at  2-2.5  mm,  ‘3.17  g,  df*  1.0668, 
Up  1.4073  (corresponding  to  triethylphosjf^ate) ;  2nd  132-135*  at  0.5  mm,  2.5  g,  d|o  1.1878,  n^  1.4300  [corre¬ 
sponding  to  di-(diethyl|rfiosphonyl)-methane]. 

Analysis  of  2nd  fraction.  Found  C  35.69;  H  7.46;  P  20.9.  C9HjjOsP|.  Calculated  C  37.05; 

H  7.70;  P  21.5. 

Reaction  of  triefliylphosphite  with  diethybulfcHiylmethane  dibromide.  30  g  of  triethylphosphite  was  added 
to  17  g  of  diethylsulfonylmethane  dibromide  without  solvent.  The  reaction  proceeded  very  vigorously  and  the 
temperature  rose  until  the  triethyl[^osphite  boiled.  At  the  end  of  the  reaction,  the  mixture  was  heated  on  a 
water  bath  for  2  hrs. 

After  six  distillations  with  a  water  and  an  oil  pump  from  an  Arbuzov  flask  or  with  a  Widmer  fractionating 
column,  we  isolated  the  following  fractions:  1st  52-71*  at  12  mm,  6.4  g,  np  1.4170,  dio  0.9742  (triethylphosphite); 
2nd  51-60*  at  1  mm,  5.33  g,  np  1.4165,  d^  1.0697;  3rd  68*  at  1  mm,  3.7  g,  np  1.4130,  dIo  1.700  (triethyljrfios- 
phate);  4th  151-152*  at  2  mm,  6  g  (crystallized). 

The  product  in  the  4th  fraction  was  readily  soluble  in  benzene,  edier,  alcohol,  chloroform  and  carbon  tetra¬ 
chloride.  After  three  recrystallizations  from  benzine  and  drying  in  a  vacuum  pistol,  the  product  melted  at  77-78* 
and  formed  white  needles. 

Found  %:  C  37.39,  37.15;  H  7.04,  6.91;  S  28.11,  28.4.  M  229.  C7H,604Sj.  Calculated  %:  C  36.84; 

H  7.46;  S  28.07.  M  228. 

Mixing  with  synthetic  [7]  propylidenediethylsulfone  did  not  depress  the  melting  point. 

Reaction  of  methyldiethylsulfonylmethane  bromide  with  sodium  diethylphosphite.  4.6  g  of  methyldiethyl- 
sulfonylmethane  bromide  [8],  dissolved  in  dry  benzene,  was  poured  into  an  ether  solution  of  sodium  diethylphos¬ 
phite  (2.5  g  of  diethylphosphorus  acid,  0.41  g  of  sodium  and  30  ml  of  dry  ether).  The  reaction  proceeded  vigor¬ 
ously  while  the  ether  boiled  vigorously  and  formed  a  voluminous  precipitate  on  heating  on  a  water  bath  for  2  hrs. 

We  isolated:  1.8  g  of  sodium  bromide,  a  fraction  with  b.  p.  83-115*  at  7  mm,  d*  1.0980,  np  1.4260, 
methyldi-(ethylphosphonyl)-methane  (2  g)  with  m.  p.  75-78*  (identified  by  a  mixed  melting  point  with  synthetic 
material  and  confirmed  by  the  preparation  of  the  bromide)  and  triethylphosj^ate  with  b.  p.  86*  at  9  mm,  d^ 
1.0663,  ng  1.4073  (0.45  g). 

Reaction  of  methyldiethylsulfonylmethane  bromide  with  trietfaylphostdiite,  5  g  of  triethylj^osphite  (excess 
triethylphosphite  was  used  as  the  solvent)  was  poured  into  4  g  of  methyldiethylsulfonylmethane  bromide.  The 
reaction  proceeded  vigorously  with  the  triethylf^osj^ite  boiling  and  the  evolution  of  white  vapor.  It  was  cooled 
with  water.  At  the  end  of  the  vigorous  reaction,  the  reaction  mixture  was  boiled  for  2  hrs  on  a  water  bath,  after 
which  it  appeared  as  a  slightly  yellowish  liquid. 

On  distillation,  we  isolated  the  following  fractions:  1st  up  to  50*  at  6  mm,  0.7  g,  np  1.4142,  d|o  0.9711 
(triethylphosjdiite):  2nd  70-90*  at  5  mm,  1.25  g.  ng  1.4170,  d|o  1.0612  (similar  to  triethylphosphate);  3rd  166- 
172*  at  5  mm,  1.64  g;  crystallized  as  white  needles,  which  did  not  depress  the  melting  point  of  meihyldiethyl- 
sulfonylmethane.  After  separation  of  the  crystals,  the  liquid  part  had  b.  p.  166-167*  at  9  mm,  ng  1.4500,  d|o 
1.2060;  weight  0.86  g  (containing  12.5, and  12.98<^  phosphorus). 

Reaction  of  sodium  diethylphosphite  with  diethylsulfonylmethane  dichloride.  4  g  of  diethylsulfonylmethane 
]  dichloride  [7]  was  added  to  an  ether  solution  of  sodium  diethylphosphite  (4.5  g  of  diethylphosphorus  acid,  0.72  g 

I  of  sodium  and  50  ml  of  dry  ether).  Heat  was  evolved.  The  reaction  mixture  was  heated  on  a  water  bath  for  4  hrs. 
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We  isolated  2.95  g  of  sodium  chloride  and  1.65  g  of  a  crystalline  product  with  m.  p.  102-104”,  which  was 
diethylphos{^onylmethane  (a  mixed  melting  point  was  not  depressed). 

From  the  liquid  part  we  isolated  3.7  g  of  triethyl  phosphate  with  b.  p.  84-86’  at  7  mm,  n^  1.4095,  d|o 
1.0721  (containing  16.82  and  17.08%  of  [Bosphorus;  calculated  17.04%). 

Reaction  of  dietfiylsulfonylmethane  dichloride  with  triethylphosj^ite  in  a  nitrogen  atmosphere.  3  g  of 
trie  thy  Iphosphite  was  poured  into  15  g  of  diethylsulfonylmethane  dichloride.  Air  was  flushed  out  of  the  system 
with  nitrogen.  The  reaction  mixture  heated  up.  It  was  heated  on  a  boiling  water  bath  under  a  steady  stream  of 
nitrogen  for  2  hrs.  No  crystals  were  seen  in  the  flask.  On  cooling  the  solution,  0.75  g  of  crystals  with  m.  p. 
100-102”  were  deposited.  A  mixture  with  diethylsulfonylmethane  melted  without  depression. 

On  distilling  the  liquid  part,  we  isolated  the  excess  triethylphosphite  and  a  fraction  with  b.  p.  47-53”  at 
2  mm,  dj^  1.0544,  n*  1.4205.  The  residue  crystallized  and  the  crystals  melted  at  73-75”,  whidi  was  not  depressed 
by  mixing  widi  ethyldiethylsulfonylmelhane.  The  yield  was  0.45  g. 

SUMMARY 

1.  The  reactions  of  the  halogen  derivatives  of  6  -disulfones  studied  with  sodium  diethylphosphite  and  triethyl¬ 
phosphite  proceeded  anomalously  and  the  expected  esters  of  [4iosphinic  and  di{^osphinic  acids  were  not  obtained. 

2.  The  reduction  products  of  the  starting  disulfones  and  triethylphosphate  were  the  main  products. 

The  ethylation  products  of  disulfones  were  also  obtained  in  the  reactions  with  triethyli^osphite. 
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SYNTHESES  OF  SOME  PHOSPHONE  SULFIDES  AND  PHOSPHONE  SULFONES 


B.  A.  Arbuzov  and  N. 


P.  Bogonostseva 


rtiosphone  sulfones  of  the  form  RS02CH2P0(0R’)2  are  of  considerable  interest.  Similar  to  8-keto-  or  B- 
carbalkoxysulfones  [1],  one  might  expect  the  formation  of  anions  of  the  type  RS02  =  CHP0(0R)2  from  them 
in  an  alkaline  medium. 

We  tried  to  prepare  esters  of  phosphinic  and  diphosphinic  acids,  containing  sulfone  groups,  by  treating 
halogen  derivatives  of  B-disulfones  with  triethylphosphite  or  sodium  diethylp^osphite  [2].  However,  we  did  not 
get  the  expected  esters.  The  reactions  proceeded  anomalously. 

In  this  work  we  used  the  reaction  of  sodium  mercaptides  on  the  available  ethyl  chloromethylphosphinate 
to  prepare  B  -phosphone  sulfides  [3]. 


RSNa-nClCHaPOiOCaHsla  -►  RSCH2PO(OC2H6)2-*-NaCl 

Treatment  with  ethylmercaptide  gave  ethyl-(diethylihos{^onyl)-methyknlfide  in  85.6  yield  of  cmde 
product.  Treatment  with  phenylmercaptide  gave  phenyl-(dIethylphosphonyl)-methylsulfide. 

Oxidation  of  ethyl-(diethylphosphonyl)-methylsulfide  widi  acetyl  peroxide  gave  the  corresponding  sulfone. 

Oxidation  of  i^enyl-(diethylphosphonyl)-methylsulfide  with  acetyl  peroxide  gave  a  crystalline  product 
with  m.  p.  145-148*,  for  which  we  could  not  get  satisfactory  analytical  data. 

On  reacting  the  ethyl  chloromethylphosphinate  with  anhydrous  sodium  sulfide  we  obtained  the  correspond¬ 
ing  sulfide 


2(C2HsO).,PCH2CI Na.,s  ->  (C2H50)2PCH2SCH2P(0C2H5)2 2NaCl 


Oxidation  of  the  sulfide,  with  acetyl  peroxide  gave  the  corresponding  sulfone. 

EXPERIMENTAL 

^  Preparation  of  ethyl-(diethylphosphonyl)-methyl8ulfide.  Sodium  mercaptide  was  prepared  from  6  g  of  ethyl 

mercaptan  in  50  ml  of  dry  ether  and  1.85  g  of  sodium.  Ethyl  chloromethylphosphinate  [3]  (15  g)  was  added  to 
the  mercaptide.  The  whole  was  heated  on  a  water  bath  for  2  hrs.  Then  the  ether  was  distilled  off  and  heating 
continued  on  a  boiling  water  bath  for  2  hrs.  After  separating  off  die  sodium  chloride  (4.7  g)  and  distilling  through 
a  Widmer  column,  we  isolated  the  following  fractions:  1st  4.7  g,  129-133*  at  9  mm,  dfo  1.1093,  n*  1.4610  and 
2nd  6.0  g,  133-133.5*  at  9  mm,  d|S  1.1033,  ng  1.4630. 

}  By  successive  distillations  of  these  fractions,  we  isolated  pure  diethylphosphonyl  sulfide: 

b.  p.  127-127.5*  at  7  mm,  dg  1.1052,  ng  1.4650.  Found  ‘jfc:  S  15.13;  P  14.27.  CtH^OjSP.  Calculated 
S15.1:  P  14.15. 

^  Preparation  of  ethyl-(diediylt^osphonyl)-meihylsulfone.  Ethyl-(diediyl|*osphonyl)-methyl3ulfide  with 

^  b.  p.  127-127.5*  at  7  mm  (2  g)  was  oxidized  with  an  ether  solution  of  acetyl  peroxide  (10  ml  of  solution,  con- 


taining  0.5  g  of  active  oxygen),  while  cooled  with  snow.  The  oxidation  proceeded  vigorously;  the  peroxide  was 
added  dropwise  so  that  the  temperature  did  not  rise  above  *2*.  After  2  days  the  ether  was  distilled  off.  The  acetic 
acid  was  removed  in  vacuum  at  40-50  mm. 

On  distilling  the  residue,  we  obtained  1.9  g  of  a  product  with  b.  p.  213*  at  28  mm.  After  a  second  distilla¬ 
tion,  we  obtained  a  pure  product: 

b.  p.  194*  at  11.5  mm,  dg  1.2271,  ng  1.4560.  Found  ojo:  S  13.44;  P  12.14.  CtHhOsSP.  Calculated 
S  13.11;  P12.7. 

Preparation  of  trfienyl-(dietfaylphosphonyl)-methylsulfide.  From  11  g  of  phenyl  mercaptan  and  2.3  g  of 
sodium  in  100  ml  of  ether,  a  mercaptide  was  obtained  by  heating  under  reflux  for  16  hrs.  20  g  of  ethyl  chloro- 
mediylphosphinate  was  gradually  added  to  the  mercaptide.  The  reaction  went  vigorously.  For  completion  of 
the  reaction,  die  whole  was  heated  to  the  boiling  point  of  the  ether  for  3  hrs.  The  precipitate  was  separated  off 
(10  g). 

After  evaporating  off  the  ether  and  distilling  the  residue  in  vacuum,  we  obtained  5.7  g  of  a  fraction  with 
b.  p.  177-179*  at  7  mm,  dg  1.1751,  n^  1.5450.  After  a  second  distillation,  we  obtained  4  g  of  a  substance: 

b.  p.  167-168*  at  3  mm,  dg  1.1736,  n“  1.5483.  Found  S  12.18;  P  11.78.  CuHnOsPS.  Calculated 
S  12.31;  P  11.92. 

Oxidation  of  phenyl-(diethylphosphonyl)-methylsulfide.  An  ether  solution  of  acetyl  peroxide  (16  ml,  con- 
uining  0.71  g  of  active  oxygen)  was  carefully  added  to  4  g  of  sulfide,  cooled  in  snow.  The  following  day,  the 
ether  and  acetic  acid  were  removed.  The  residue  crystallized  as  a  mass,  saturated  with  tar.  After  removal  of 
the  tar  on  a  porous  plate,  we  obtained  a  crystalline  product  with  m.  p.  100-102*.  After  three  recrystallizations 
from  water  (charcoal),  we  obtained  white  crystals  as  dense  clusters  of  needles.  After  drying  in  a  vacuum  pistol, 
the  m.  p.  was  145-148*. 

Analysis  of  the  {»oduct  met  with  difficulties.  Reproducible  figures  could  not  be  obtained. 

Found  ojo'.  c  41.33,  41.49;  H  3.58,  4.31;  S  13.05,  12.86;  P  12.17,  9.78.  CUH1JO4PS.  Calculated  %: 

C  48.55;  H  6.16;  S  11.6;  P  11.23.  CuHjtObPS.  Calculated  C  45.2;  H  5.82;  S  10.96;  P  10.61. 

Preparation  of  di-(diethylphosphonyl)  -dimediylsulfide.  Sodium  sulfide  was  prepared  and  purified  by 
Karyakin's  method  [4].  After  a  series  of  experiments,  the  best  results  were  obtained  under  the  following  con- 
ditioiu. 

Sodium  sulfide  (4  g) ,  dried  in  a  desiccator,  was  added  to  dry  acetone  (50  ml)  and  ethyl  chloromethylphos- 
{^inate  (19  g)  was  added  to  it.  On  adding  the  chloroester,  a  blue  color  appeared,  which  disappeared  on  shaking. 
The  whole  was  heated  on  a  water  bath  for  5  hrs.  After  separating  off  the  sodium  chloride  by  centrifuging  (3.5  g 
was  obtained)  and  removing  the  acetone,  the  residue  was  distilled.  We  obtained  the  following  fractions:  1st, 

12.2  g  with  b.  p.  50-165*  at  2  mm  and  2nd,  3.2  g  with  b.  p.  165-193*  at  2  mm.  On  redistilling  the  2nd  fraction, 
we  obuined  2  g  of  a  slightly  yellowish  liquid: 

b.  p.  191-192*  at  2.5  mm,  dg  1.1947,  ng  1.4675.  Found  ojo'.  C  36.04,  35.54;  H  6.92,  6.90;  S  9.74; 

P  18.44.  CuHjjOePjS.  Calculated  C  35.92;  H  7.19;  S  9.59;  P  18.59. 

Preparation  of  di-(diethylphosphonyl)-dimethylsulfone.  Dl-(dlethylphosphonyl)-dimethylsulflde  (1.5  g), 
cooled  in  snow  and  salt,  was  oxidized  with  an  edier  solution  of  acetyl  peroxide.  After  removing  the  solvent  and 
acetic  acid,  1.2  g  of  needle-like  crystals  were  deposited  on  long  standing.  After  purification  by  recrystalliza¬ 
tion  from  petroleum  ether,  the  sulfone  had  m.  p.  76-  78*. 

Found  %:  C  32.69;  H  6.31;  S  8.74;  P  17.11.  CioHj^OgPjS.  Calculated  % ;  C  32.79;  H  6.55;  S  8.74; 

P  16.93. 
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SUMMARY 


By  treating  ethyl  chloromethylphosphinate  with  sodium  mercaptide  we  synthesized  ethyl-(diethylphosphonyl)- 
methylsulfide  and  phenyl-(diethylphosphonyl)-methylsulfide.  By  treating  ttie  ester  of  chloromethylphosphinic 
acid  with  sodium  sulfide  we  prepared  di-(diethylphosphonyl)-dimediylsulfide.  Oxidation  of  the  sulfides  with 
acetyl  peroxide  gave  the  corresponding  sulfones. 
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ADDITION  OF  ALCOHOLS  TO  ISOPRENE  OXIDE 


A.N.  Pudovik  and  S.G.  Denislamova 


The  addition  of  alcohols  to  the  oxides  of  diene  hydrocarbons  has  received  very  little  study  as  yet;  the 
data  given  in  the  literature  deal  only  with  di vinyl  oxide. 

A.  A.  Petrov  found  that  alcohols  in  the  presence  of  alkali  metal  alcoholates  add  to  divinyl  oxide  to  give 
primary  ethen  (assumed  to  contain  only  small  amounts  of  isomeric  ethers  as  impurities),  i.e.,  in  accord  with 
the  Markovnikov  rule,  while  in  the  presence  of  boron  trifluoride  etherate  their  addition  is  abnormal  and  second¬ 
ary  ethers  are  formed  [1]. 

Kadesch  [2]  came  to  a  similar  conclusion  when  he  studied  the  reaction  of  divinyl  oxide  with  methyl 
alcohol.  However,  a  more  careful  study  of  the  latter  reaction  [3]  revealed  that  a  mixture  of  both  isomeric 
ethers,  with  a  predominance  of  the  primary  ether,  is  formed  when  the  reaction  is  run  in  the  presence  of  alcoholate. 
The  producu  were  not  isolated  in  a  pure  form:  they  were  identified  as  the  3,5-dinitrobenzoic  acid  derivatives. 

It  seemed  of  interest  to  us  to  study  the  addition  of  alcohols  in  the  presence  of  various  catalysts  to  the 
oxides  of  the  di  vinyl  homologs,  piperylene  and  isoprene.  The  results  of  a  partial  study  of  the  reactions  with 
piperylene  has  been  reported  by  one  of  us  earlier  (4). 

We  ran  the  reaction  of  isoprene  oxide  with  methyl,  ethyl,  n-butyl  and  isobutyl  alcohols  in  the  presence 
of  sodium  alcoholate  and  in  the  presence  of  boron  trifluoride  etherate.  In  the  presence  of  sodium  alcoholate 
the  main  reaction  products  were  the  primary  ethers.  The  tertiary  ethers  were  isolated  in  much  smaller 
amount. 


O 


CH 


CH=CH8 


CH;, 

I 

RO-CH2— C(OH)— CH=CHj 
(I) 


CH3 

I 

HOCH,— C(OR)-CH=CHj 

(ID 


The  ratio  of  the  different  products  is  given  in  the  table. 


Reaction  of  Isoprene  Oxide  with  Alcohols  in  the  Presence  of  Sodium  Alcoholate 


Alcohol 

Amount  of  isomeric  ethers  in  the  mixture 
(in 

Total  yield 
(  in  <%> ) 

primary  ether 

tertiary  etl^r 

Methyl 

89  J. 

10.9 

36.7 

Ethyl 

91.0 

9.0 

46.6 

Isobutyl 

86.3 

13.7 

58.0 

n- Butyl 

90.8 

9.2 

72.3 

The  structure  of  the  obtained  products  was  decided  on  the  basis  of  comparing  their  constants  and  rate  of 
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benzoylation.  The  tertiary  ethers  boil  considerably  higher  than  the  primary  ethen,  and  their  benzoylation  rate 
is  several  times  faster. 

All  of  the  alcohols  form  tertiary  ethers  in  the  presence  of  boron  trifluoride  etherate.  Besides  the  tertiary 
ethers,  high-boiling  fractions  are  formed  in  these  reactions.  Distillation  of  the  fractions,  obtained  in  the  re¬ 
actions  with  ethyl  [5]  and  n-butyl  alcohols,  gave  substances  with  a  definite  boiling  point.  They  represent  the 
products  of  the  further  addition  of  2-alkoxy-2-methyl-3-butene  to  isoprene  oxide.  Analysis  for  hydroxyl  group 
[5]  and  determination  of  the  molecular  weight  confirm  this  conclusion. 

The  results  obtained  by  us  differ  somewhat  from  those  described  earlier  for  unsym.  disubstituted  oxides. 

A.  A.  Petrov  and  E.  N.  Pritula  state  [6]  that  the  addition  of  alcohols  to  isobutylene  oxide  in  the  presence 
of  sodium  alcoholate  leads  to  the  formation  of  primary  ethers.  The  latter,  in  their  opinion,  could  be  contami¬ 
nated  only  with  very  small  amounts  of  secondary  ethers.  A  similar  conclusion  was  reached  by  F.  Ya.  Perveev 
[7],  who  studied  the  addition  of  alcohols  to  2-methyl-l, 2-epoxy -5-hexen-3-yne,  a  disubstituted  unsym.  oxide 
of  the  vinylacetylene  series.  The  observed  difference  in  the  results  (addition  in  the  presence  of  sodium  alcoho- 
lates)  can  be  explained  either  by  the  specific  behavior  of  isoprene  oxide  when  compared  with  other  disubstituted 
unsym.  oxides  or,  most  probably,  by  the  fact  that  due  to  the  small  amounts  of  oxides  used  by  previous  authors 
(0.1  mole[6] )  in  the  reactions  the  tertiary  ethers  could  be  isolated.  In  a  preliminary  experiment,  run  with  a 
small  amount  of  isoprene  oxide  (0.18  mole)  and  ethyl  alcohol  in  the  presence  of  sodium  ethylate,  the  tertiary 
ether  was  also  not  obtained  by  us  in  a  pure  form  [5  ]. 

The  peculiar  behavior  of  allyl  alcohol  in  its  addition  to  the  oxides  of  styrene  and  divinyl  was  mentioned 
in  the  paper  by  Swern  and  coworkers  [8  ]•  The  addition  of  allyl  alcohol  to  propylene  oxide  proceeds  in  a  man¬ 
ner  similar  to  other  alcohols;  in  the  case  of  styrene  oxide  in  the  presence  of  an  alkaline  catalyst  the  chief  pro¬ 
duct  is  the  secondary  ether,  while  in  the  presence  of  sulfuric  acid  the  primary  ether  is  formed  exclusively.  In 
the  case  of  diving  oxide  the  secondary  ether  is  formed  predominantly  with  both  catalysts.  The  authors  explain 
such  anomalous  reaction  behavior  as  being  due  to  the  specific  influence  of  the  phenyl  group  in  styrene  oxide 
on  its  polarization  and  of  the  vinyl  group  in  allyl  alcohol  on  the  polarization  of  diviiyl  oxide. 

In  this  connection  we  thought  it  of  interest  to  study  the  addition  of  allyl  alcohol  to  the  disubstituted  unsym. 
oxide  -  isoprene  oxide.  In  this  case,  if  the  theories  of  Swern  and  coworkers  are  to  be  followed,  even  greater 
polarization  of  the  oxide  and  progress  of  the  reaction  by  the  anomalous  mechanism  could  be  expected.  When 
the  reaction  was  run  in  the  presence  of  alcoholate  and  in  the  presence  of  boron  trifluoride  etherate  we  failed 
to  note  any  deviations  from  the  usual  course  of  the  reaction,  observed  for  saturated  alcohols.  In  the  presence 
of  sodium  ethylate  we  obtained  a  mixture  of  the  primary  and  tertiary  ethers  with  a  predominant  amount  of  the 
first,  while  with  the  boron  trifluoride  we  obtained  only  the  tertiary  ether. 

As  a  result,  any  specific  influence  exerted  by  allyl  alcohol  or  its  alcoholate,  responsible,  according  to 
Swern  and  coworkers,  for  the  anomalous  polarization  of  an  unsaturated  oxide  molecule  in  its  reactions  with  al¬ 
cohols,  was  not  observed  by  us  in  the  case  of  isoprene  oxide. 

EXPERIMENTAL* 

Isoprene  a-oxide  -  l,2-epoxy-2-methyl-3-butene  -  was  obtained  by  the  oxidation  of  isoprene  with 
acetyl  hydroperoxide  (b.p.  79-80.5*,  np  1.4170,  d*  0.8584). 

Addition  of  Methyl  Alcohol  to  Isoprene  Oxide 

Expt.  1.  To  185  ml  of  anhydrous  methyl  alcohol  was  added  0.15  ml  of  boron  triftuoride  etherate  and 
gradually,  with  cold  water  cooling  of  the  reaction  flask,  34  g  of  Isoprene  oxide  was  added.  The  reaction  mix¬ 
ture  was  heated  on  the  water  bath  for  4  hours,  and  then  the  excess  alcohol  was  distilled  off.  Vacuum -distillation 
of  the  residue  through  a  Widmer  column  gave  the  following  fractions: 

1st,  13  g  of  2-methoxy-2-methyl-3-buten-l-ol  (II,  R  =  CHs). 

B. p.  75-76* (50  mm),  n*  1.4390,  dj®  0.9457,  MR  32.47;  Calc.  32.60. 

Found  ojo:  C  62.58:  H  10.40;  OH  14.93.  CgHijOj  Calculated  C  62.06:  H  10.34:  OH  14.65. 

•  I.  Aladzheva  participated  in  the  experimental  portion  of  this  study. 
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2nd,  4.5  g  with  b.p.  96  —  170* (10  mnOt  from  which  individual  products  could  not  be  isolated  on  redistil¬ 
lation. 

For  benzoylation  a  mixture  of  1.2212  g  of  oxide  (0,  1.4113  g  of  benzoyl  chloride  and  1.1647  g  of  dimetliyl- 
aniline  was  heated  in  a  thermostat  at  50*  for  1  hour.  Then  30  ml  of  water  and  20  ml  of  carbon  tetrachloride 
was  added.  Titration  was  with  0.5  N  NaOH  solution.  The  extent  of  benzoylation  was  36.18 <7o. 

Expt.  2.  A  solution  of  1  g  of  sodium  in  200  ml  of  anhydrous  methyl  alcohol  was  treated  with  34  g  of 
isoprene  oxide.  The  reaction  mixture  was  heated  on  the  water  bath  for  10  hours.  The  excess  alcohol  was  distilled, 
and  then  further  distillation  was  in  vacuo  using  a  Widmer  column.  The  yield  of  l-methoxy-2-metfiyl-3-buten- 
-2-ol  (I,  R  =  CH,)  was  15.6  g. 

B.p.  62.5-63*  (50  mn^,  n^  1.4285,  d*®  0.9193,  MRp  32.50;  Calc.  32.60. 

Found  C  61.80:  H  10.30;  OH  15.56.  C,Hi,Ot  Calc.  <51,:  C  62.06;  H  10.34;  OH  14.65. 

The  residue  from  the  distillation  was  dissolved  in  20  ml  of  anhydrous  ether,  and  the  residue  was  filtered. 
Distillation  gave  1.7  g  of  2-methoxy-2-methyl-3-buten-l-ol  (H,  R  =  OCH3)  with  b.p.  75-79*(50  mm),n* 

1.4385.  The  benzoylation  went  to  the  extent  of  IZ.APjo  (run  in  the  same  manner  as  in  the  preceding  experiment). 

Addition  of  Ethy  1  Alcohol  to  Isoprene  Oxide 

Expt.  1.  The  reaction  was  run  with  170  ml  of  anhydrous  ethyl  alcohol,  0.15  ml  of  BFj  etherate  and  34  g 
of  isoprene  oxide  by  the  method  described  in  the  preceding  experiment.  We  obtained  24.8  g  of  2-ethoxy-2- 
-methyl-3-buten-l-ol  (II,  R=  C^Hs). 

B.p.  52.3-53.3*  (7  muO,  n^  1.4380,  d®  0.9227  and  6.1  g  of  a  fraction  with  b.p.  90-120*(9  mrn),  which 
was  not  investigated  closer. 

Expt.  2.  A  solution  of  sodium  ethylate,  prepared  from  160  g  of  ethyl  alcohol  and  1  g  of  sodium,  was 
treated  with  34  g  of  isoprene  oxide.  We  obtained  22.3  g  of  l-ethoxy-2-methyl-3-buten-2-ol  (I,  R  =  C2H()with 
b.p.  45-46*  (12  mm),  n*Q  1.4720,  dj*  0.8971  and  2  g  of  2-ethoxy -2-methyl-3-buten-l-ol  (II,  R  =  OCjH^with 
b.p.  59-59.5*  (12  mm),  n^®  1.4365,  d®  0.9222. 

Addition  of  n-Butyl  Alcohol  to  Isoprene  Oxide 

Expt.  1.  The  reaction  was  run  with  150  ml  of  anhydrous  n-butyl  alcohol,  0.15  ml  of  BFj  etherate  and  34  g 
of  isoprene  oxide.  The  following  fractions  were  obtained: 

1st,  30.6  g  of  2-butoxy-2-methyl-3-buten-l-ol  (II,  R=  C4Hf). 

B,p.  80-81*  (10  mm),  n^  1.4390,  d^  0.9030,  MRd  46.04:  Calc.  46.46. 

Found  <5b:  C  68.19:  H  11.45.  QHi,0,  Calc.  ojc'.  C  68.35;  H  11.39. 

2nd,  11.6  gwith  b.p.  114-165*  (10  mm). 

The  benzoylation,  run  under  the  conditions  described  in  the  preceding  experiments,  went  to  the  extent 
of  50.7*70. 

Redistillation  of  the  high-boiling  fraction  gave  the  reaction  product  of  isoprene  oxide  and  2-butoxy-2- 
-  methyl  -  3  -  buten  - 1 -ol . 

B.  p.  124-125*  (17  mm),  1.4550,  d*J  0.9360,  MR^^  70.49. 

CmHmO,  Calc.  70.73. 

Expt.2 .  The  reaction  was  run  with  a  solution  of  sodium  n-butylate,  prepaied  from  160  ml  of  anhydrous 
n-butyl  alcohol  with  1  g  of  sodium,  and  34  g  of  isoprene  oxide.  Distillation  gave  42  g  of  l-butoxy-2  -  methyl- 
-3 -buten -2 -ol  (I,  R  =  C4H^. 

B.p.  69.5-70.5* (10  mm),  n“  1.4303,  df  0.8777,  MRp  46.51.  Calc.  46.46. 

Found  <7o:  C  68.31:  H  11.12;  OH  10.9.  QH^Oi  Calculated  C  68.35:  H  11.39:  OH  10.76. 

Benzoylation  went  to  the  extent  of  10.9<7o. 
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The  working  up  and  distillation  of  the  residue  gave  4.3  g  of  2-butoxy-2-methyl-3-buten-l-ol  (n,  R  e 
=  C4H^  with  b.p.  80-81.6*  (9  mm)  ng  1.4380,  d?  0.9037. 

Addition  of  Isobutyl  Alcohol  to  Isoprene  Oxide 

Expt.  1.  For  reaction  we  took  170  ml  of  anhydrous  isobutyl  alcohol,  0.15  ml  of  BF|  etherate  and  34  g  of 
isoprene  oxide.  The  following  fractions  were  obtained: 

1st,  26.6  g  of  2-i8obutoxy-2-methyl-3-buten-l-ol  (II,  R  =  iso-C^Hs)*  Benzoylation  went  to  the  extent  of 

64«7o. 

B.p.  67-68* (8  mm).  n“  1.4380,  df  0.9001,  MR^^  46.10;  Calc.  46.46. 

Found  C  68.44:  H  11.22;  OH  10.80. 

C^HnO,  Calculated  <70:  C  68.36;  H  11.39:  OH  10.76. 

2nd,  12  g  with  b.p.  100-120*  (8  mm). 

Redistillation  of  the  high-boiling  fraction  gave  a  number  of  fractions,  not  investigated  closer. 

Ex  pt.  2.  The  experiment  was  run  with  a  solution  of  sodium  isobutylate,  prepared  from  175  ml  of  iso¬ 
butyl  alcohol  with  1  g  of  sodium,  and  34  g  of  isoprene  oxide.  The  following  fractions  were  obtained: 

1st,  32  g  of  l-isobutoxy-2-methyl-3-buten-2-ol  (I,  R  =  iso-C4Hg): 

B.p.  58.6-69*  (8  mm),  1.4270,  d4®  0.8730,  MR^^  46.46;  Calc.  46.46. 

Found  C  68.19;  H  11.20:  OH  10.91. 

C^iiO,  Calc,  C  68.35;  H  11.39:  OH  10.76. 

The  benzoylation  went  to  the  extent  of  11.4%. 

2nd,  6.1  g  of  2-isobutoxy-2-methyl-3-buten-l-ol  (II,  R=  iso-C4H|),  b.p.  67.5-70*  (8  mm),  n^  1.4362, 
d?  0.9012. 

Addition  of  Allyl  Alcohol  to  Isoprene  Oxide 

Expt.  1.  For  reaction  we  took  180  ml  of  anhydrous  allyl  alcohol,  0.16  ml  of  BFj  etherate  and  40  g 
of  isoprene  oxide.  The  following  fractions  were  obtained: 

1st,  19  g  of  2-allyloxy-2-methyl-3-buten-l-ol  (11,  R  =  OCsH^: 

B.p.  77-78*  (20  mrn).  ng  1.4530,  d*  0.9392,  MR^  4o.89:  Calc.  41.38. 

Found  %:  C  67.67;  H  9.62.  C,Hi402  Calc.  %:  C^7.60;  H  9.86. 

2nd,  13  g  with  b.p.  113-160*  (13  mn^. 

Redistillation  of  this  fraction  gave  a  number  of  fractions,  not  investigated  closer. 

Expt.  2.  The  reaction  was  run  with  170  ml  of  anhydrous  allyl  alcohol,  0.9  g  of  sodium  and  30.6  g  of 
isoprene  oxide.  The  following  fractions  were  obtained: 

1st,  35  g  of  l-allyloxy-2-rnethyl-3-buten-2-ol  (I,  R  =  QHs). 

B.p.  68.5  -  69.5*(22  mm),  ng  1.4455,  d^  0.9164,  MR^  41.24;  Calc.  41.38. 

Found  %:  C  67.81;  H  9.72.  CiH^O,  Calc.  %:  C  67.60;  H  9.86. 

2nd,  2.9  g  of  2-allyloxy-2-methyl-3-buten-l-ol  (II,  R  =  C^H^  with  b.p.  78-79*  (21  mm),  ng  1.4529, 
d*4®  0.9385. 

SUMMA  RY 

1.  The  addition  of  methyl,  ethyl,  isobutyl,  n-butyl  and  allyl  alcohols  to  isoprene  oxide  was  studied. 

2.  The  addition  of  the  above  indicated  alcohols  to  isoprene  oxide  in  the  presence  of  sodium  alcoholate 
yields  a  mixture  of  isomeric  ethers.  The  mixtures  contain  86-91%  of  the  primary  ether  and  9-14%  of  the 
tertiary  ether. 

3.  In  the  presence  of  boron  trifluoride  etherate  the  alcohols  add  to  isoprene  oxide  with  the  formation  of 
tertiary  ethers. 
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SUBSTITUTION  REACTIONS  OF  PHOSPHONIUM  ACETATE 


AND  PHOSPHONIUM  ACETONE 

A.  N.  Pudovik,  L.  P.  Shchelkina,  and  L.  A.  Bashirova 


The  chemical  properties  of  {^osi^onium  acetate  and  {^osphonium  acetone,  forming  the  phosphorus  ana¬ 
logs  of  malonates  and  ace toacetates,  have  been  studied  quiteinadequately  up  to  the  present  time.  A.  E.  Arbuzov  and 
co-workers  who,  in  1914,  produced  phosphonium  acetate,  in  further  work  showed  that,  by  the  action  bn  its  metal 
derivatives  of  alkyl  halides,  the  homologs  of  phosi^onium  acetate  are  formed  [1,  2].  In  this  way  they  syndiesized 
methyl-  and  benzyl[^osphonium  acetates;  and  subsequently  other  homologs  also  were  obtained  [3,  4].  One  of 
us  and  N.  M.  Lebedeva  from  reactions,  for  example,  with  a, B -unsaturated  ketones,  nitriles,  and  carboxylic  acid 
esters,  showed  that  phosj^onium  acetate,  f^osi^onium  acetonitrile  and  their  homologs  could  enter  into  addition 
reactions  through  the  double  bond  [3,  5],  Ihosphonium  acetate,  though  with  great  difficulty,  can  be  condensed 
with  benzaldehyde  and  p-toluylaldehyde  with  formation  of  indene  derivatives  [6]. 

For  phosphonium  acetone,  obtained  in  1946  by  A.  I.  Razumov  and  N.  Petrov  [7],  at  the  present  time  a 
limited  number  of  reactions  are  known  -  alkylation  [8,  9]  (with  methyl  and  ethyl  iodides),  and  addition  reac¬ 
tions  with  unsaturated  compounds  [8].  Just  recently  reactions  have  been  described  of  metal  derivatives  of  phos- 
l^onium  acetate  and  phosphonium  acetone  with  acetyl  chloride  and  dilorocarbonic  ester  [10], 

In  the  present  work  we  have  studied  the  reactions  of  metal  derivatives  of  ]diosphonium  acetate  and  phos¬ 
phonium  acetone  with  halogen  allyl  compounds,  esters  of  a -halogen-substituted  carboxylic  acids,  bromoacetone 
and  chloromethylbutyl  ether.  By  action  on  the  sodium  derivative  of  phosphonium  acetate  (A)  of  l-medioxy-5- 
chloropentene-3  the  triethyl-(S-methoxypentenyl-2)  phosphonium  acetate  (I)  was  obtained.  By  oxidation  of  (I) 
with  potassium  permanganate/nethoxypropionic  acid  was  separated  and  identified,  thus  indicating  the  correct¬ 
ness  of  the  structure  assigned  to  it. 

O 

11  /OC2H5 

CH  .OCHXHjCH^CHCHjCl  (C2H60)2P-CH=C^  — ► 

(A)  ^ONa 

O 

/P(OC2Hr,)«  KMnO 

—  CHnOCH2CH2CH=CHCH2CH<  '  - CHr,OCH2CH2COOH 

0)  ^COOCoHr, 


In  similar  expieriments  with  isomeric  hydrochlorides  of  butadiene  die  same  product  was  obtained,  namely, 
triethyl-2-butenyl-phosphonium  acetate.  The  reaction  with  the  primary  chloride  proceeds  normally;  with 
the  secondary  it  proceeds  with  complete  allyl  regrouping: 


CH:)-CH=CH-CH,,CI 
CH,,-CHCI-CH=CH2-i- (A) 


CHi-CH^CH-CHa-CH-COOCjHr. 

0=P(OC2Hr,).. 


Moreover,  we  have  also  studied  reactions  of  the  sodium  derivative  of  phosphonium  acetate  with  esters  of 
several  a-chloro-  and  a-bromo-substituted  carboxylic  acids:  with  chloro-  and  bromoacetates,  methyl-a- 
bromopropionate  and  ethyl- a-bromoisobutyrate.  The  reactions  with  chloro  acetate  proceed  very  slowly  in 
ether  and  even  in  benzene  solution;  with  brcnnoacetate  easily  and  quickly  in  ether  solution.  The  diethyl  ester 
of  diethylphosphonium -succinic  acid  was  obtained.  And  similarly,  the  methylethyl  ester  of  diethylphosphonium- 
methylsuccinic  acid  was  synthesized. 


0=P(0C2H5)2 

(A)-«-R-CHBr— COOR'  -►  R'OOC— CHR-(!:H— COOC2H5 

Product  yields  were  about  35%,  Reaction  of  a-bromoisobutyrate  widi  the  sodium  derivative  of  phos{4ionium 
acetate. proceeds  very  slowly  both  in  ether  and  benzene  solutions.  Widi  prolonged  heating  of  the  reaction  mix¬ 
ture  sodium  bromide  is  precipitated  in  small  amount.  In  view  of  the  small  quantity  of  high-boiling  fractions 
forming  from  the  reaction  the  product  did  not  separate  in  a  pure  state.  It  is  evident  that  steric  hindrance  plays 
an  important  part  in  the  progress  of  this  reaction. 

Thus,  besides,  the  method  of  syndiesizing  {^osi^ionium  succinates  and  their  homologs,  including  the  addi¬ 
tion  of  phosphonium  acetate  and  its  homologs  to  maleates  and  fumarates  and  their  homologs,  previously  developed 
by  us,  the  substitution  reactions  may  also  be  used  for  synthesizing  this  type  of  compound.  In  carrying  out  reac¬ 
tions  of  sodium- phosphonium  acetate  with  the  chloromethylbutyl  ester,the  ethyl  ester  of  a-diethylphosphonium- 
3  -butoxy propionic  acid  was  obtained: 

O  CHoOCjHs 

II  I 

(Al-i-CiCHaOQHn  -»•  (C2H50)2P— CH— COOC2H5 

The  reaction  with  bromoacetone  proceeds  vigorously,  but  the  reaction  products  resinify during  distillation. 

For  synthesizing  die  homologs  of  phosphonium  acetone  the  method  of  alkylating  its  sodium  or  potassium 
derivative  with  alkyl  halides  was  the  most  convenient.  By  this  method  we  had  previously  obtained  methyl-  and 
ediylphosphonium  acetone  [8].  Apparently  the  simpler  and  more  convenient  method  of  dieir  synthesis,  by  the 
actitMi  on  the  bromoacetone  homologs  of  j^osphoric  esters,  does  not  lead  to  positive  results,  since  the  reactions 
in  this  case  are  mainly  anomalous,  with  formation  of  unsaturated  phosf^oric  esters  [9,  11,  12].  We  carried  out 
reactions  of  the  sodium  derivative  of  phosphonium  acetone  with  the  ethyl  esters  of  bromoacetic,  a-bromo- 
propionic,  and  a-bromoisobutyric  acids,  and  with  bromoacettme.  The  reaction  with  ethylbromoacetate  pro¬ 
ceeds  easily  in  ether  solution;  with  methyl-a-bromopropionate  in  ether  it  proceeds  very  slowly,  and  therefore 
the  edier  solution  was  replaced  by  benzene.  With  a-bromoisobutyrate  the  reaction  proceeds  very  slowly,  even 
in  benzene  solution.  We  obtained  respectively:  ethyl-3  -diethyli^osphonium  levulinate  and  methyl-  a-methyl- 
3  -diethylphosphraiium  levulinate. 

CH:,-C=CH— P(6c2Hr, R-CHBr-COOCiHs  CH;,— CO— CH— PiOCaHs).^ 

ONa  R-iH-COOCaHs 

^  the  reactiotu  with  a-bromoisobutyrate  a  very  small  amount  of  high-boiling  fractions  was  obtained; 
the  reaction  product  was  not  separated  in  a  pure  state.  In  carrying  out  the  reactions  of  sodium -phosphonium 
acetone  with  bromoacetone,  diethylphosphonium,  acetylacetone  was  obtained.  Product  yields  in  reactions  with 
sodium  -phosphonium  acetone  were  about  30%  Reactions  were  carried  out  of  sodium-phosphonium  acetone  with 
chloromethylediyl  and  chloromethylbutyl  esters.  The  reactions  proceeded  smoothly,  but  it  was  not  possible  to 
separate  the  products  owing  to  dieir  resinificatirai  during  distillation. 

EXPERIMENTAL 

Action  of  sodium-phosphonium  acetate  on  l-methoxy-5-chloropentene-3.  35  g  phosi^onium  acetate  was 
gradually  added  to  150  ml  of  the  dry  ester  and  3.4  g  sodium  mixed  in  a  flask  provided  with  mechanical  stirrer. 
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drop  funnel  and  reflux  condenser.  After  all  the  sodium  had  dissolved, 20  g  l-methoxy-5-chloropentene-3  was 
added  to  an  ether  solution.  During  heating  of  the  reaction  mixture  a  precipitate  of  sodium  chloride  settled  as 
a  thick  greasy  mass.  After  separating  the  precipitate  and  distilling  off  the  ether  the  residue  was  distilled  in 
vacuum.  After  several  distillations  12  g  of  triethyl-(5-methoxypentenyl-2)-phosphonium  acetate  was  obtained. 

I 

i  B.  p.  167-169*  at  4  mm,  ng  1.4526,  df  1.0718,  MR^  81.08;  calc.  80.55.  Found  ojoi  P  9.47.  CmHjtOsP. 

Calculated  P  9.62. 

In  small  amount  a  fraction  of  b.  p.  86-166*  (4  mm)  was  also  obtained,  from  which  it  was  not  possible  to 
separate  products  of  definite  b.  p. 

8  g  triethyl-(5-methoxypentenyl-2)-phosphonium  acetate  dissolved  in  300  ml  water  was  oxidized  with 
potassium  permanganate  (10.5  g).  After  treating  the  reaction  mixture  1.7  g  of  methoxypropionic  acid  was  ob¬ 
tained  of  b.  p.  105-106*  at  9  mm,  n*  1.4180. 

Action  of  l-chlorobutene-2  on  sodium -phosphonium  acetate.  21.4  g  of  the  butene  was  added  to  an  ether 
solution  of  the  acetate  prepared  from  2.3  g  of  sodium,  150  ml  ether,  and  35  g  phosphonium  acetate.  After  treat¬ 
ment  of  the  reaction  mixture  13.5  g  of  triethyl-2-butenylphosphonium  acetate  was  obtained. 

B.p.  156-157*  (10  mm)  ,  ng  1.4458,  df  1.0617,  MRj)  69.78;  calc.  69.67.  Found  ojoi  P  11.11.  CJ2H23O5P. 
Calculated  <7o:  P  11.15. 

Action  of  2“chlorobutene-3  on  sodium-phostAionium  acetate.  The  reaction  was  performed  with  the  same 
amounts  of  reagents  as  in  the  preceding,  but  ether  during  the  course  of  the  experiment  was  replaced  by  benzene. 
The  reaction  was  slow.  As  a  result  of  the  working  and  threefold  distillation  of  the  reaction  mixture  10.8  g  se¬ 
parated  of  triethyl- 2-butenylphosphonium  acetate  of  b.  p.  154-155*(9  mm)  ,  1.4430,  df  1.0661. 

Synthesis  of  the  diethyl  ester  of  diethylphosi^onium-succinic  acid.  15  g  of  ethylbromoacetate  was  added 
to  an  ether  solution  of  sodium-phosphonium  acetate  (1.54  g  sodium  and  15  g  i^osphonium  acetate).  The  reac¬ 
tion  mixture  was  heated  for  6  hrs.  Sodium  bromide  was  filtered  off,  the  ether  distilled  off,  and  the  {xecipitate 
redistilled  in  vacuum.  As  a  result  of  double  distillation  6.0  g  of  the  diethyl  ester  of  diethylphosphonium  succinic 
acid  was  obtained. 

B  .  p.  165-166*  at  3.5  mm,  ng  1.4402,  df  1.1355,  MRp  71.97;  calc.  71.79.  Found  ojoi  P  10.15.  C^HgaOrP. 
Calculated  ^Joi  P  10.00.  Literature  data  [13]:  b.  p.  161-162“  at  2  mm,  1.4410,  df  1.1333. 

Methylethyl  ester  of  methyl-(diethylphostJionium) -succinic  acid.  11.2gmediyl-a-bromopropionate  was 
added  to  an  ether  solution  of  sodium-phos{^onium  acetate  (1.54  g  sodium,  15  g  phosphonium  acetate).  8.6  g 
was  obtained  of  the  methylethyl  ester. 

B.  p.  151-153*  at  2.5  mm,  ng  1.4432,  df  1.1434,  MRp  71.94;  calc.  71.79.  Found  <55!;  P  10.32.  C12H23O7P. 
Calculated  <55);  P  10.00. 

Action  of  chloromethylbutyl  ester  on  sodium-phosphonium  acetate.  The  reaction  was  performed  with 
sodium-phosphonium  acetate  (1.54  g  sodium  and  15  g  phosphonium  acetate)  and  10  g  of  the  chloromethylbutyl 
ester.  3.3  g  was  obtained  of  ethyl-  a-diethylphosphonium-6  -butoxypropionate. 

B.  p.  177-178*  at  3  mm,  ng  1.4415,  df  1.0612,  MRp  77.23;  calc.  76.40.  Found  ojoi  P  9.55.  CisH^OgP. 
Calculated  <55>:  P  10.00. 

Reactions  with  sodium-phosphonium  acetone.  1)  20  g  bromoacetate  was  added  to  an  ether  solution  of 
sodium -phosj^onium  acetone  prepared  from  1.77  g  sodium,  15  g  phosphonium  acetone,  and  100  ml  dry  ether. 

The  reaction  mixture  was  heated  over  the  water  bath  for  8  hrs.  6.5  g  was  obtained  of  ethyl-0  -diethylj^osphonium 
levulinate. 

B.  p.  148-149*  at  3  mm,  1.4430,  df  1.1283,  MRp  65.85;  calc.  65.53.  Found <55!:  P  11.05.  CuHjAP. 
Calculated  °]o\  P  11.07. 
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2)  An  ether  solution  of  sodium-phosphoniuni  acetone  was  prepared  as  before.  To  this  was  added  20  g 
mediyl-a-broinopropionatn.  Heated  for  12  hrs.  There  was  little  separation  of  sodium  bromide.  Ether  was  re¬ 
placed  by  benzene,  after  which  heating  was  continued  for  a  further  4  hrs  over  die  boiling  water  bath.  5.5  g 
was  obtained  cf  mediyl-a-methyl-6  -diethylphosphonium  levulinate.  The  suiface  of  the  product  was  covered 
with  a  thin  film  that  caused  turbidity  when  diaken  up. 

B.  p.  151-153?  at  3  mm,  ng  1.4556.  Found  <5fc:  P  11.04.  CiiH„0,P.  Calculated  ojol  P  11.07. 

3)  We  used  1.63  g  sodium,  14  g  phosphonium  acetone,  and  12  g  bromoacetone.  The  reaction  proceeded 
by  the  usual  method  in  ether  solution.  4.5  g  was  obtained  of  diethylpho8{Aoniumacetonyl  acetone. 

B.  p.  125-126*  at  9  mm,  ng  1.4510,  df  1.1415,  Ml^  58.99;  calc.  59.27.  Found  '?fc:  P  12.80,  12.85. 
CioHtfOsP.  Calculated  P  12.40. 

SUMMARY 

1.  The  reactions  were  studied  of  sodium-phosphonium  acetate  with  isomeric  chlorobutenes.  The  primary 
chlorobutene  reacts  normally,  the  secondary  widi  allyl  regrouping. 

2.  As  a  result  of  the  reactirxu  of  sodium-phosphonium  acetate  with  bromoacetate  and  a-bromopropionate, 
diediylphosphonium  succinate  and  metfaylsuccinate  were  obtained;  and  widi  sodium-phosphonium  acetone, 
respectively,  diethylphosphonium  levulinate  and  -methyllevulinate.  Reactions  with  a-bromo isobutyrate  pro¬ 
ceed  very  slowly,  evidently  due  to  steric  hindrance.  It  was  not  possible  to  separate  the  reaction  {noducts. 

3.  The  reactions  were  studied  of  the  sodium  derivatives  of  phosphonium  acetate  and  phosphonium  acetone 
widi  bromoacetone  and  chlornnethylbutyl  ester. 
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ADDITION  OF  COMPLETE  ESTERS  OF  PHOSPHORIC  AND  PHOSPHINIC  ACIDS 

TO  CONJUGATED  SYSTEMS 

I.  ADDITION  OF  TRIALKYLPHOSPHITES  TO  ACRYLIC  AND  METHACRYLIC  ACIDS 

Gil'm  Kama!  and  V.  A.  Kukhtin 


The  most  important  and  the  most  studied  metihiod  of  synthesizing  phosjhinic  esters'  is  the  reaction  of  trialkyl- 
phosphites  with  alkyl  halides  discovered  by  A.  E.  Arbuzov  [1],  This  reaction,  known  now  as  the  "Arbuzov  rearrange¬ 
ment  .•has  been  the  subject  of  much  research.  With  its  aid  a  large  number  of  different  compounds  have  been  ob¬ 
tained  [2]. 

However,  up  to  the  present  students  of  the  Arbuzov  rearrangement  were  limited  to  the  study  only  of  dif¬ 
ferent  halogen  reagents;  although  it  was  possible  to  suppose  that  also  other  electronoj^il  reagents  not  containing 
a  halide,  were  capable  of  this  reaction  . 

As  has  been  shown  by  A.  E.  Arbuzov  and  P.  I.  Alimov  [3],. several  inorganic  acids  react  with  trialkyli^ios- 
phites,  similar  to  the  hydrogen  chloride,  as  per  scheme: 


(ROaP  ■+■  H2SO4 


■+■  ROSOjOH 


V.  S.  Abramov  [4]  found  that  trialkylj^osphites  are  capable  of  combining  with  the  carbonyl  group,  and  are 
thus  reformed  into  compounds  of  pentavalent  phosphorus. 

It  was  further  established  by  the  present  authors  [5]  that  organic  acid  anhydrides  react  with  trialkylphosphites 
in  the  manner  of  the  Arbuzov  rearrangement: 


R'CO  R^COv 

(RO)aP-*-  -►  >P(0R)3  -»  R'C0P0(0R)2  -♦-R'COOR 

R'CCX  R'COO/ 

By  fvolonged  study  of  the  action  of  different  electronof^il  reagents  with  trialkylphosi^ites  we  found  that 
unsaturated  acids  react  fairly  actively  with  complete  phosphoric  acid  esters.  Especially  active  is  the  reaction  of 
acrylic  acid  with  trialkylphosphites.  With  slow  addition  of  acrylic  acid  to  die  phosphite,  within  10-15  min  after 
start  of  the  reaction,  tempierature  began  to  rise  quickly,  and  reached  135*  in  the  case  of  triethylphosphite.  In 
mixing  trialkylphosphites  with  methacrylic  acid  only  a  small  rise  in  tempierature  is  noted  (5-10*).  But  in  heating 
up  to  70-100*  tempierature  begins  to  rise  quickly,  reaching  130-150*,  and  remaining  for  some  time  at  this  level 
after  heating  has  stoppied.  In  such  case  the  smell  of  phosphite  and  acid  disappears  fairly  quickly,  and  a  test  with 
a  coppier  monohalide  indicates  the  absence  of  trivalent  phosphorus  in  the  reaction  mixture. 

Methacrylic  acid  reacts  with  triethylphosphite  and  without  heating  if  the  mixture  of  reagents  is  left  to  stand 
for  some  days  at  room  tempierature. 

We  were  able  to  separate  the  products  of  die  union  of  trialkylphosphites  with  acrylic  and  methacrylic  acids, 
with  yields  up  to  60  Study  of  the  products  obtained  showed  that  they  do  not  contain  the  double  bond  and  the 
acid  group,  and  are  complete  esters  of  the  corresponding  phosphono-carboxylic  acids. 
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In  combining  trlmeihyl|^osphite  with  acrylic  and  methacrylic  acids  the  methyl  esters  were  obtained  of 
B  -phosphonopHTopionic  and  B  -phosphonoisobutyric  acids,  described  earlier  by  A.  N.  Pudovik  [6].  The  ethyl  esters 
of  these  acids  also  have  constants  identical  with  those  described  earlier  [6,  7].  On  saponifying  die  esters  of  B  - 
phosphonopropionic  acid  the  acid  Itself  was  obtained,  earlier  described  in  the  literature  [8]. 

The  constants  of  the  phosphonocarboxylic  esters  obtained  by  us  are  given  in  the  table. 

The  union  of  trialkylphosp^ites  with  unsaturated  acids  probably  proceeds  through  conjugation  of  the 
C  =  C— C  =  0  bonds  with  subsequent  regrouping  of  hydrogen. 


(ROljP:  *  CH,=CH-CC 

OH 


s- 


(ROJzP 


—  R0),pr  OR 

„  0  ^CH,CH=Cv 

CH2CH=C<:  *  V  OH 

OH  - - 


.0 


(Ro)jp;" 


CHjCHtC^ 


OR 

0 


It  appears  to  us  also  entirely  probable  that  the  dipolar  ion  (RO^PCHjCH  =  C^qH 

intermediate  stage  is  stabilized,  forming  a  cyclic  addition  product,  corresponding  to  the  first  stage  of  the  Arbuzov 
rearrangement,  with  subsequent  splitting  up: 


U  w  V/  Q 

-y  CHj  tJR 

It  is  possible  that  the  P—0  bond  in  the  ring  is  of  ionic  character.  In  favor  of  the. suggested  formation  of  an 
intermediate  unstable  addition  [voduct  the  following  facts  may  be  cited: 

1.  In  reacting  triethyli^osphite  with  methacrylic  acid  without  heating  in  a  sealed  tube  at  room  tempera¬ 
ture  for  a  considerable  tfme  (2-3  weeks)  the  smell  of  the  initial  components  disappears,  and  the  test  with  a 
copper  monohalide  indicates  the  absence  of  triethylphosj^ite.  The  undispersed  addition  product  has  n^  1.4320, 
do”  0.9957.  These  constants  do  not  change  afterwards  (even  in  two  months).  On  distilling,  the  ethyl-B  -phos- 
phonoisobutyrate  is  obtained  widi  very  low  yield  (10-15%);  and  there  are  signs,  during  distillation,  of  decom¬ 
position.  It  may  be  suggested  that,  in  this  case,  by  heating,  the  unstable  addition  product  Is  decomposed. 

2.  The  addition  product  obtained  reacts  with  water  with  rise  in  temperature.  Ihe  aqueous  emulsion  quickly 
disappears;  the  temperature  rises  by  15-20*,  whereas  the  distilled  B -{^osphonoisobu^ic  ester,  under  similar 
conditions,  does  not  react  with  watery 

3.  Under  the  action  of  methanol  on  the  undispersed  addition  product  there  is  rise  In  temperature.  By  distil¬ 
lation  in  this  case  the  methyldiethyl-B  -phosphonoisobutyrate  was  separated. 

It  may  be  suggested  that  water  and  alcohol  act  on  the  intermediate  product  as  follows: 

0-C=0  OH 

^  X  ^ 

1.  (CjHsOaP  CH2-+-HOH -►  (CaHgOJsP  — ► 

^  /  \ 

CH2  CH2GH2CC 

^OH 


(C2H50)2P<f  ,0 

\CH2CH2C<f  -H  C2H5OH 


o-c=o 

2.  (C,H50)2P  CH2 -h  CH^OH (CgHgOlaP 


OH 

OH 


\/ 

CH2 


\ 


CH2CH2C 


OCH3 


(C2H50)2P<( 


CH2CH2COOCH3  C2H5OH 
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A  final  decision  on  the  problem  of  the  mechanism  of  the  reactions  we  have  been  studying  requires  furdier 
experimental  investigation.  But  the  results  so  far  obtained  permit  the  suggestion  that  die  reaction  of  unsaturated 
acids  with  trialkylphosphites  proceeds  in  accordance  with  the  Arbuzov  regrouping  scheme.  Evidently  the  action 
of  IT, IT -conjugated  systems  on  trialkyl{^osphites  may  be  regarded  as  one  of  the  exceptional  cases  of  Arbuzov 
rearrangement. 


EXPERIMENTAL 

Addition  of  trimethylphosphite  to  acrylic  acid.  7  g  acrylic  acid  was  added  dropwise  to  12  g  trimelhyl- 
phosphite.  For  some  time  after  starting  the  addition  (when  about  a  third  of  the  total  amount  of  acid  had  been 
added)  a  heating  up  of  the  reaction  mixture  began,  and  temperature  quickly  rose  to  125*.  After  heat  evolution 
had  ceased  the  mixture  was  heated  at  120*  for  two  hrs.  By  double  distillation  10  g  trimethyl-B  -phosphonopro- 
pionate  was  obtained. 

In  a  similar  manner  the  reactions  of  acrylic  acid  with  other  phosf^ites  were  carried  out.  The  basic  con¬ 
stants  of  the  esters  thus  synthesized  are  given  in  the  above-mentioned  table. 

The  addition  of  trimethylphosphite  to  mediacrylic  acid.  8.6  g  methacrylic  acid  was  added  to  12  g  tri¬ 
methylphosphite.  On  mixing  these  components  the  temperature  rose  by  20*.  The  mixture  was  heated  at  120-130* 
for  3  hrs.  9.8  g  (56.8%)  trimethyl-  B  -phosphonoisobutyrate  was  recovered  by  distillation. 

Methacrylic  acid  reacts  similarly  with  other  phosphites. 

Saponification  of  triethyl-fl  -phosphonoproplonate.  2.3  g  of  the  ester  was  heated  with  15%  hydrochloric 
acid  in  a  sealed  tube  at  120*  for  10  hrs.  After  evaporation  and  drying  a  crystalline  product  was  obtained,  weiring 
1.6  g  and,  after  recrysullization,  having  a  m.  p.  of  168*. 

In  the  same  way  the  isbbutyl  ester  of  0  -phosphonoisobutyric  acid  was  saponified.  The  mixing  test  showed 
no  depression  of  m.  p. 

Action  of  methanol  on  the  additicwi  product  of  mediacrylic  acid  widi  triethylphosidiite.  16.6  g  of  the 
phosphite  and  8.6  g  of  the  acid  were  left  to  stand  at  room  temperature  in  a  sealed  tube.  After  a  month  the 
mixture  had  the  following  constants;  n^  1.4310,  dg*  0.9961;  after  2  months,  nj^  1.4320,  dg*  0.9957.  The  test 
with  copper  monochloride  Aowed  no  rise  in  temperature;  the  phosphite  smell  had  disappeared. 

2  g  methanol  was  added  to  10.4  g  of  product.  On  mixing  the  temperature  rose  by  5*.  Within  two  days 
die  product  was  distilled.  After  double  fractionation  5.3  g  methyldiethyl-0-[^osi^onoisobutyrate  was  obtained. 

literature  data  [6]:  n^  1.4350,  d^  1.1212. 

SUMMARY 

1.  A  new  method  has  been  developed  for  obtaining  phosphonocarboxyl  acid  esters  by  addition  of  trialkyl¬ 
phosphites  to  a, 0 -unsaturated  acids. 

2.  The  reaction  mechanism  of  addition  of  trialkylphosphites  to  a,  0  -unsaturated  acids  has  been  suggested 
and  studied. 
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ADDITION  OF  COMPLETE  ESTERS  OF  PHOSPHORUS  AND  PHOSPHONOUS  ACIDS 

TO  CONJUGATED  SYSTEMS 

n.  ADDITION  OF  TRIALKYLPHOSPHTTES  TO  ACROLEIN  AND  CROTONALDEHYDE 

Gll’m  Kama!  and  V.  A,  Kukhtin 


In  the  previous  communication  [1]  we  had  described  the  addition  of  trialkylphosphites  to  a,  B  -unsaturated 
acids,  proceeding,  in'  our  opinion,  by  the  scheme 

0"  0  — C— 0 

(R0),P:  +  CH,=CH-C^  —  (R0)3PCH2CH=C^  —  (ROljP  CHj  — ^  (RQjjPCHjCHjCOOR 
^OH  V_0H  CH,  5 

Continuing  our  investigations  in  diis  field,  we  establi^ed  that  a,  B  -unsaturated  aldehydes  are  also  capable 
of  entering  into  very  active  reaction  with  trialkylphosphites.  Thus,  f(»  example,  triethylphosphite  reacts  with 
acrolein  with  die  evolution  of  heat,  in  which  connection  the  temperature  rises  to  70*.  However,  it  {xoved  much 
more  difficult  to  isolate  die  reaction  product  in  this  case  than  in  the  reaction  of  triethylphosjdiite  with  acrylic 
acid.  Only  by  running  the  reaction  in  dioxane  solution  were  we  able  to  isolate  the  addition  product  of  triethyl 
phosphite  to  acrolein.  The  obtained  product  contains  a  double  bond,  and  gives  a  negative  test  for  the  carbonyl 
group.  Its  saponification  yielded  diethylphosphonopropionaldehyde.  The  results  obtained  in  studying  the  product , 
and  also  the  analysis  data,  indicate  that  it  is  the  ethyl  ester  of  y -ethoxyallylphosphonic  acid.  Consequently, 
the  same  as  the  unsaturated  acids,  the  unsaturated  aldehydes  add  trialkylphosphites  to  the  conjugated  system 
C  =  C“-C=0  in  the  1—4  position. 


(BOjjP: 


8^  ^  ^ 
CH,=CH-C 

H 


(R0)2PCH2CH=CH0R 

0 


The  reaction  of  acrolein  with  other  phosphites  also  led  to  obtaining  similar  addition  products.  The  saponi¬ 
fication  of  the  butyl  ester  of  y  -butoxyallylphos{^(Miic  acid  gave  the  butyl  ester  of  i^osphonopropionaldehyde. 


(R0)2PCH2CH=CH0R  — ^  (R0)2PCH2CHC<( 

II  II 

o  o 


Similar  to  acrolein,  crotonaldehyde  adds  trialkylf^osphites,  but  less  vigorously.  The  reaction  is  acctnn- 
panied  by  (xily  very  sli^t  self-heating  of  the  reaction  mass  at  the  start,  and  requires  longer  additional  heating. 
The  constants  of  the  compounds  obtained  by  us  are  given  in  the  table. 

Evidently,  the  reaction  of  a,  B  -unsaturated  aldehydes  witfi  trialkylphosphites  proceeds  in  a  manner  similar 
to  the  addition  of  phosphites  to  unsaturated  acids,  i.  e.,  by  die  Arbuzov  reanangement  scheme,  in  two  stages. 
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1.  (ROjjP;  +  CH2=CH-C^  — ►  (R0)3PCH2CH=C  — ► 

H  H 

0— CH  g 

2.  (R0)3P^/CH  — ^(R0)2P^ 

CHj  CHjCH^CHOR 


0— CH 

(ROjjP^^CH 

CHj 


This  hypothesis  is  supported  by  the  action  of  hig^  temperatures,  water,  and  alcc^ol  on  the  undistilled  ad** 
ditlon  product.  In  the  experiments  performed  by  us  the  addition  products  of  trialkylphosphltes  to  acrolein  be¬ 
haved  in  many  respects  in  the  same  manner  as  die  earlier  described  addition  products  of  trialkylphosphltes  to 
unsaturated  acids. 


First  of  all,  it  is  necessary  to  mention  that  the  first  distillation  of  the  addition  {woducts  is  very  turbulent 
and  there  are  indications  of  strong  decomposition.  The  second  distillation  proceeds  with  only  sli^t  tarring  of 
die  [xoduct.  The  yield  of  the  esters  of  y  -  alkoxyallyj^osphonic  acid  is  increased  if  the  addition  product  is 
heated  to  180-200*  prior  to  distillation. 

The  temperature  rises  by  10-15*  if  the  undistilled  addition  productis  treated  with  water.  After  some  time 
the  addition  product  is  converted  into  the  corresponding  phosphonoaldehyde.  The  distilled  esters  of  the  y  -alkoxy- 
allylphosphonic  acids  are  not  saponified  with  pure  water  under  these  conditions. 

The  action  of  an  alcohol  on  the  undistilled  addition  product  results  in  a  temperature  rise  of  5-6*  and  an 
ester  is  obtained,  containing  die  alcohol  radical  in  the  y -alkoxyallyl  group.  Thus,  the  action  of  methanol  on 
the  addition  product  of  triethylphos[4iite  to  acrolein  gave  the  ethyl  ester  of  y  -methoxyallylphosphonic  acid. 


O-CH 

(R0)3P  (!!h  -f-R'OH 
\/ 

CHz 


>OH 

(R0)3P< 

\CH2CH=CH0R' 


— ►  (ro)2p(; 

\CH2CH=CH0R  -4-  ROH 


All  of  these  data  serve  to  support  our  earlier  expressed  postulation  that  the  reaction  of  trialky Iphosphites 
with  fr, IT -conjugated  systems  is  a  particular  case  of  the  Arbuzov  reanangement  and  proceeds  in  the  same  man¬ 
ner  as  the  scheme  proposed  for  the  reaction  of  alkyl  halides  with  trivalent  phosphorus  compounds.  Evidently, 
not  only  ir,ir -conjugated  systems,  but  also  systems  with  a, ir -conjugation  are  capable  of  such  reaction.  The 
reaction  of  various  a ,  ir -conjugated  systems  with  trialkylphosphltes  is  described  in  a  number  of  papers  [2-4]. 
Thus,  for  example,  chloral  reacts  with  trialkylj^osphites  in  the  following  manner 


CCh-C<f  -4-  {R0)3P 


H 


(RO)2POCH=CCl2-4-  RCl 


The  authors  of  these  papers  have  different  explanations  for  subh  an  "anomalous”  reaction  course.  We  are 
of  the  opinion  that  the  most  probable  explanation  for  such  reactions  is  obtained  if  we  consider  the  haloaldehydes 
and  haloketones  to  be  o,  ir-conjugated  systems.  Thus,  for  example,  chloral,  by  analogy  with  ir,ir -conjugated 
systems,  should  react  by  the  scheme 


Cl-^C-cCl  ♦  - CCl,=CH0-P(0R)j  — ►  CCI,=CH0P{0R)2  +  RCl 

^0  :P(0R)3  '  11 


I 
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Pudovik  and  Lebedeva  [4]  give  nearly  the  same  scheme  for  similar  reactions.  It  is  quite  probable  that  the 
general  mechanism  of  the  Arbuzov  rearrangement,  having  specific  traits  in  each  individual  case,  lies  at  the  base 
of  many  reactions  of  phosphites  with  various  electrophilic  reagents:  alkyl  halides  [5],  inorganic  [6]  and  organic 
[7]  acids,  aldehydes  [8],  acid  anhydrides  [9],  and  ir,ir“  and  o, ir- conjugated  systems. 

EXPERIMENTAL 

Addition  of  trimethylphosphite  to  acrolein.  A  solution  of  10  g  of  trimethyl|hosphite  in  dioxane  was  treated 
with  4.5  g  of  acrolein.  After  half  of  the  acrolein  had  been  added  the  temperature  had  risen  to  52*:  with  further 
addition  of  the  acrolein,  done  with  cooling  of  the  reaction  mixture  in  a  water  bath,  the  temperature  gradually 
rose  to  92*.  The  reaction  mass  was  heated  for  2.5  hrs  at  80-90*,  after  which  the  reaction  was  considered  to  be 
done.  After  removal  of  the  dioxane  the  reaction  mixture  was  distilled.  Much  decomposition  occurred  during 
the  distillation  and  the  yield  of  product  was  very  low.  The  yield  can  be  raised  up  to  30  if  the  jnroduct  is  treated 
with  methyl  alcdiol  prior  to  distillation.  The  amount  of  alcohol  added  was  2.6  g,  and  the  reaction  mass  was 
allowed  to  stand  for  a  day  at  room  temperature. 

This  treatment  gave  the  methyl  ester  of  y -methoxyallylphosphonic  acid  (see  the  table  for  constants  and 
analysis  data). 

The  other  addition  products  of  trialkylphosphites  to  acrolein  were  obtained  in  a  similar  maimer.  The  reac¬ 
tions  with  the  propyl  and  butyl  phosphites  were  run  without  solvent.  In  the  case  of  the  tri-n-butylphosp^ite  the 
yield  of  product  was  increased  from  18  to  40<7o  if  the  reaction  mass  was  treated  with  butanol  prior  to  distillation. 

Action  of  methanol  on  the  addition  product  of  triethylphosphite  to  acrolein.  To  15  g  of  undistilled  addition 
product  was  added  2.13  g  of  methanol.  The  temperature  during  the  addition  of  the  methanol  rose  8*.  After  two 
days  the  reaction  mixture  was  distilled  to  give  4.2  g  of  the  ethyl  ester  of  y  -methoxyallylphosphonic  acid. 

Saponification  of  the  n-butyl  ester  of  y  -butoxyallylphosphonic  acid.  To  5.5  g  of  the  ester  was  added  0.4 
ml  of  2<^  sulfuric  acid  solution.  When  heated  to  70-80*  Ae  water  emulsion  quickly  disappeared,  and  Ae  odor 
of  butanol  and  the  sharp  odor  of  the  phosphonoaldehyde  appeared.  The  sulfuric  acid  was  neutralhied  widt  soda, 
after  which  the  product  was  distilled  to  give  1.5  g  of  dibutyl  phosp^onopropionaldehyde. 

The  ethyl  ester  of  y  -ethoxyallylphosphonic  acid  was  saponified  in  a  similar  manner.  The  undistilled  addi¬ 
tion  product  of  triethyli^osphite  to  acrolein  was  saponified  with  distilled  water  at  room  temperature,  in  which 
connection  a  31<^  yield  of  the  diethyl  {^osphonoaldehyde  was  obtained. 

Addition  of  triethylphosphite  to  crotonaldehyde.  To  17  g  of  the  phosphite  was  added  7  g  of  crotonaldehyde. 
The  temperature  rose  10*.  The  reaction  mass  was  heated  at  110*  for  2  hrs.  The  yield  of  addition  product  after 
distillation  was  4.7  g. 

The  reaction  of  tripropyljdiosphite  with  crotonaldehyde  was  run  in  a  similar  manner. 

SUMMARY 

1.  The  addition  of  trialkylphosphites  to  a, 6  -unsaturated  aldehydes  was  studied. 

2.  It  was  established  that  a,  0  -unsaturated  aldehydes  react  with  j^osphites  in  the  same  manner  as  do 
a, 0 -unsaturated  acids,  adding  die  trialkylphosj^ite  to  the  conjugated  system  of  double  bonds. 

LITERATURE  CITED 

[1]  Gil'm  Kama!  and  V.  A.  Kukhtin,  J.  Gen.  Chem.  27,  2372  (1957).* 

[2]  W.  Perkow,  Chem.  Ber.  87,  755  (1954). 

[3]  F.  Allen  and  O.  Janson,  J.  Am.  Chem.  Soc.  77,  2871  (1955). 

[4]  A.  N.  Pudovik  and  N.  M.  Lebedeva,  Proc.  Acad.  Sci.  USSR  101,  889  (1955). 

[5]  A.  E.  Arbuzov,  Dissertation:  The  Structure  of  Phosphorus  Acid  and  Its  Derivatives  (Kazan,  1905). 

*  Original  Russian  pagination.  See  C.B.  Translation. 


2439 


[6]  A.  E.  Arbuzov  and  P.  L  Alimov,  Bull,  Acad.  Sci.  USSR,  Dlv.  Chem.  Sci.  1951,  268, 

[7]  Gll’m  Kama!,  V.  A.  Kukhtin,  and  O.  D.  Strogova,  Trans.  Kazan  Chem.-Techn.  Inst.  1956,  No.  21,  155. 

[8]  V.  S.  Abramov,  Proc.  Acad.  Sci.  USSR  95,  991  (1954). 

[9]  Gll’m  Kama!  and  V.  A.  Kukhtin,  Proc.  Acad.  Sci.  USSR  102,  283  (1955). 


Received  October  22.  1956 


Kazan  Chemical-Technological  Institute 


MIXED  ESTERS  OF  1 , 1 . 1  - T RIG HLORO -TERT -BUTTLPHOSPHITE  ,  III 


V.  S.  Abramov  and  V.  K.  Khairullin 


In  previous  papers  we  had  communicated  on  the  reactions  of  the  chloride  of  bis(l,l,l-trichIoro-tert-butyI) 
phosphite  |l}  and  the  chloride  of  1,1,1-trichloro-tert-butyI-l-trichloromethyIcyclohexylphosphite  [2]  with  various 
alcohols.  It  was  shown  that  the  chloride  of  bis(l,l,l-trichloro-tert-butyl)phosi^ite,  when  reacted  with  primary 
and  secondary  alcohols  and  {^enol,  in  the  presence  of  pyridine  in  anhydrous  ether  medium,  gives  the  correspond¬ 
ing  mixed  phosphite  esters.  However^  we  were  unable  to  obtain  the  complete  i^osphite  esters  with  tertiary  alco¬ 
hols.  In  contrast  to  the  indicated  chloride,  under  similar  conditions  the  chloride  of  1,1,1-trichloro-tert-butyl- 
l-trichloromethylcyclohexyli^osphite  gives  mixed  esters  only  with  primary  alcohols  of  normal  and  iso  structure, 
and  does  not  give  mixed  esters  with  secondary  and  tertiary  alcdiols,  or  with  phenol. 

The  present  work  is  a  continuation  of  the  investigation  started  by  us  to  study  the  formation  of  complete 
phosphite  esters  from  tertiary  alcohols.  The  cyclic  phosf^ite  esters  are  definitely  of  interest,  especially  those 
obtained  from  ditertiary  glycols.  A.  E.  Arbuzov  and  his  students  [3]  synthesized  the  esters  of  tetramethylelhyl- 
ene  glycol  phosphite,  di-l,l’-cyclohexanediol  phosj^ite  and  pyrocatechol  phosphite.  The  mixed  esters  of  the 
indicated  acids  and  tertiary  alcohols  were  not  studied  by  the  authors. 

We  studied  the  reaction  of  various  glycols:  ethylene  glycol,  propylene  glycol,  tetrameihylediylene  glycol 
and  pyrocatechol  with  the  dichloride  of  1,1,1-trichloto-tert-butylphosphite,  in  the  presence  of  pyridine  (in  an¬ 
hydrous  ether  medium),  reacts  with  the  indicated  glycols  and  pyrocatechol  and  gives  the  corresponding  1,1,1- 
trichloro-tert-butyl  esters  of  various  glycol  f^osphites.  Special  mention  must  be  made  of  the  formation  of  the 
1,1,1-trichloro-tert-butyl  ester  of  tetramethylethylene  glycol  phosf^ite,  for  the  reason  that  in  this  case  we  have 
a  complete  ester  with  tertiary  radicals.  A  similar  successful  result  is  also  obtained  with  pyrocatechol.  It  is 
apparently  impossible  to  synthesize  phosphites  with  tertiary  alij^atic  groups  due  to  steric  hindrance.  The  syn¬ 
thesis  of  the  tertiary  esters  bf  tetramethylethylene  glycol  j^osphite  and  pyrocatechol  phosphite  proceeds  widiout 
any  difficulties  whatsoever.  The  ease  with  which  these  esters  are  formed  must  be  explained  as  being  due  to  the 
sterically  favorable  ring  structure  of  the  ester.  A  study  of  the  fine  structure  of  these  esters  by  physical  methods 
is  of  definite  interest. 

However,  the  dichloride  of  l,l,l-trichloro-tert-butyl|diosirfiite,  in  the  presence  of  pyridine  (in  either  ben¬ 
zene  or  dioxane  medium),  when  heated  to  100”,  does  not  react  with  benzopinacol  and  does  not  give  the  corre¬ 
sponding  ester.  It  is  quite  probable  that  benzopinacol  possesses  a  bulkier  spatial  structure.  The  phosphite  esters 
are  not  obtained  immediately  when  steric  hindrance  factors  begin  to  operate.  In  both  cases  the  benzopinacol 
was  recovered  unchanged  (70%  of  the  amount  taken  for  reaction)  from  the  reaction  products. 

The  obtained  cyclic  phosphite  esters  represent  syrupy,  colorless,  clear  liquids,  having  a  weak  phosi^iite 
odor,  and  soluble  in  organic  solvents.  The  1,1,1-trichloro-tert-butyl  ester  of  tetramethylethylene  glycol  phos¬ 
phite,  after  vacuum-distillation  and  storage,  crystallized  as  colorless  needles.  The  1,1,1-trichloro-tert-butyl 
ester  of  pyrocatechol  phos]4iite,  after  distillation,  crystallized  so  rapidly  that  it  proved  impossible  to  determine 
its  constants  in  the  liquid  state.  The  obtained  cyclic  esters  are  listed  in  Table  1. 

Along  the  way  we  studied  the  reaction  of  the  dichloride  of  1,1,1-trichloro-tert-butylphosphite  with  ali¬ 
phatic  alcohols.  The  reaction  was  run  in  the  same  manner  as  indicated  above.  The  primary  alcohols  —  methyl, 
ethyl  and  n-butyl  *-  readily  react  with  the  dichloride  under  die  designated  conditions  to  yield  the  corresponding 
mixed  phosphite  esters.  The  esters  re]»:esent  clear  syrupy  liquids  with  an  odor  reminiscent  of  triethylphosphite. 
The  constants  of  the  esters  are  listed  in  Table  2  (nos.  1-^. 


Constants  of  l.l.l'Trichloro-tert-butyl  Esters  of  Glycol  Phosphites 


».  60-61*. 
p.  62-63*. 


Constants  of  Mixed  Esters  of  Fbosphonis  Acid  (ch,),COP(OR), 

CCIj 


The  secondary  alcohols  -  isopropyl,  a,y  -dichlorohydrin,  glycerol  and  cyclohexanol“  also  readily  react 
with  the  dichloride  in  the  presence  of  pyridine  and  give  the  corresponding  mixed  esters  (Table  2,  Nos.  4-6). 

Phenol, with  the  dichloride  .gives  a  mixed  ester  that  distills  without  decomposition  (Table  2,  No.  7).  The  yields 
of  the  esters  ranged  from  62  to  79%. 

Of  special  interest  was  the  reaction  of  the  dlchloride  of  1,1,1-trichloro-tert-butylphosphite  widi  tertiary 
alcohols.  Trimethylcarbinol,  acetone  cyanohydrin,  1-trichloromethyl-l-cyclohexanol  and  triphenylcarblnol  all 
react  differently  widi  the  dichloride.  Only  the  acetone  cyandiydrin  smoothly  gives  the  corresponding  complete 
mixed  phosphite  ester  in  a  yield  of  61.4%  (Table  2,  No.  8).  The  formation  of  the  complete  mixed  {^osphite 
ester  can  be  explained  by  the  structure  specificity  of  the  nitrile  group.  In  contrast  to  other  radicals,  each  having 
three  6  -bonds,  directed  toward  the  tetrahedron,  and  labile  rr -bonds,  the  carbon  atom  of  the  nitrile  group  has 
one  6  -bond,  which  makes  it  possible  to  regard  acetone  cyanohydrin  as  belonging  rather  to  the  class  :of  secondary 
alcohols. 

Trimethylcarbinol  with  the  dichloride  in  the  presence  of  pyridine  (in  anhydrous  ether  medium)  liberates 
the  theoretical  amount  of  pyridine  hydrochloride  and  gives  the  mixed  tert-butyl-l,l,l-trichloro-tert-butylphosphlte. 
The  mixed  acid  ester  reacts  with  aldehydes  and  ketones  [4]  and  gives  the  corresponding  esters  of  a-hydroxyalkyl- 
phosp^onic  acids.  It  proved  impossible  to  isolate  any  other  products. 

Triphenylcarbinol  with  the  dichloride  in  the  presence  of  pyridine  (in  anhydrous  70-120*  ligroin  medium) 
at  45-50“  gives  about  50%  of  pyridine  hydrochloride  and  some  triphenylchloromethane  (45%,  based  on  taken  tri¬ 
phenylcarbinol).  We  were  unable  to  isolate  the  mixed  phosphite  ester. 

1-Trichloromethyl-l-cyclohexanol  with  the  dichloride  gives,  instead  of  the  expected  complete  ester,  the 
chloride  of  the  mixed  ester  1,1,1-trichloro-tert-butyl-l-trichloromethylcyclohexylphosphite  in  good  yield  and 
some  unchanged  1-trichloromethyl-l-cyclohexanol  [2].  Such  a  reaction  course  is  evidently  determined  by  the 
stability  of  the  OH  group. 

The  dichloride  of  1,1,1-trichloro-tert-butylphosphlte  in  its  reactions  with  alcohob  shows  the  same  behavior 
pattern  as  had  been  observed  in  our  earlier  pi,  2]  Investigations:  primary  and  secondary  alcohob  readily  react 
with  the  dichloride  and  give  the  corresponding  mixed  phosphites,  whereas  the  phosphites  are  not  obtained  widi 
tertiary  carbinob.  Sterlc  hindrance  increases  in  going  from  the  primary  alcohob  to  the  tertiary  and  it  is  pxKsible 
that  thb  plays  an  important  role,  together  with  the  relative  reactivity  of  the  alcohob,  in  the  formation  of  the 
phosphites. 

All  of  the  mixed  esters  of  phosphorus  acid  react  with  cuprous  chloride  [5]  and  in  most  cases  give  well  formed 
crystalline  products;  others,  as  can  be  seen  from  the  data  in  Table  3,  are  either  s)rrupy  liquids  or  glassy  products. 

EXPERIMENTAL 

Preparation  of  mixed  esters  of  phosphorus  acid.  Into  a  one-liter  three-necked  flask,  fitted  with  thermometer, 
dropping  funnel,  mechanical  stirrer  and  reflux  condenser,  sealed  with  a  calcium  chloride  tube,  was  charged  0.2 
mole  of  glycol  or  0.4  mole  of  alcohol  and  0.4  mole  of  pyridine  in  300-400  ml  of  anhydrous  ether.  The  flask 
was  cooled  with  an  ice-salt  mixture.  To  the  mixture  with  vigorous  stirring  at  0-5*  was  added  in  dropjs  0.2  mole 
of  the  dichloride  of  1,1,1-trichloro-tert-butylphosphite.  After  all  of  the  chloride  had  been  added  the  stirring 
was  continued,  at  first  at  room  temp)erature,  and  then  with  heating  to  ether  boil.  The  precipitate  of  pyridine 
hydrochloride  was  filtered  rapidly,  the  ether  was  distilled  off,  and  the  residue  was  vacuum-distilled.  Usually 
two  successive  dbtillations  were  sufficient  to  give  a  pure  mixed  ester;  rarely  did  we  limit  ourselves  to  one  distil¬ 
lation  due  to  the  decomposition  that  occurred  here  (Table  2,  No.  5).  The  propierties  of  the  esters  are  listed  in 
Tables  1  and  2. 

Preparation  of  complexes  of  mixed  esters  of  phosphorus  acid  with  cuprous  chloride.  To  3-7  g  of  the  phos¬ 
phite,  contained  in  a  test  tube,  was  added  the  calculated  amount  of  cuprous  chloride.  The  mixture  was  stirred 
with  a  thermometer,  and  the  rise  in  temperature  was  observed.  Then  the  mixture  was  heated  until  almost  all 
of  the  cuprous  chloride  had  dissolved.  In  most  cases  after  cooling  the  whole  congealed  into  a  crystalline  mass 
or  it  remained  as  a  thick  (up  to  a  hard)  syrup,  and  then  it  was  recrystallized. 

The  complexes  of  the  mixed  phosphites  with  cuprous  chloride  are  characterized  in  Table  3. 
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SUMMARY 


1.  It  was  shown  that  the  dichloride  of  l,ltl~trichloro-tert-butyl{4iosphorus  acid  readily  reacts  with  glycols 
and  primary  and  secondary  alcohols,  and  gives  mixed  esters  of  phosi^iorus  acid.  Phosphites  are  not  formed  when 
tertiary  alcohols  are  used.  As  an  exception  to  this  rule  we  obtained  the  mixed  phosphite  with  acetone  cyano¬ 
hydrin  and  failed  to  obtain  it  widi  benzopinacol.  The  indicated  reaction  courses  can  be  explained  as  being  due 
to  steric  hindrance,  which  increases  in  going  frcxn  primary  to  tertiary  alcohols.. 

The  formation  of  cyclic  phosphites  with  tertiary  radicals  is  explained  by  the  sterically  favorable  ring  struc¬ 
ture,  except  that  die  reaction  does  not  go  when  the  structure  is  made  more  complex  (benzopinacol). 

2.  Twelve  mixed  esters  of  [Bosphorus  acid  were  synthesized,  which  react  with  cuprous  chloride  and  give 
complexes;  most  of  the  complexes  were  isolated  as  well  formed  crystals. 
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REACTION  OF  DI A  LK  Y  L  PHOS  PH  IT  ES  WITH  ALDEHYDES  AND  KETONES 

XIV.  la.l-TRICHLORO-TERT-BUTYL  1-TRICHLCHlOMETHTLCTCLOHEXTL  ESTERS  OT  SUBSTITUTED 

a-HYDROXYMETHYLPHOSPHONIC  ACID 

V.  S.  Abramov  and  V.  K.  Khairullin 


We  had  communicated  earlier  that  bis  (1,1,1*  trichloro-tert-butyl)  phosphite  adds  at  room  temperature  to 
the  carbon— oxygen  bond  of  the  carbonyl  group  of  aldehydes  and  ketones  [1].  The  reaction  goes  without  a  catalyst. 
The  nature  of  the  reaction  in  the  absence  of  a  catalyst  we  explain  as  being  due  to  tautomeric  equilibrium  of 
the  bis(l,l,l-’trichIoro*'tert-butyl)phos{^ite  forms,  the  presence  of  negative  chlorine  atoms  in  the  molecule 
making  theenol  form  stable.  As  the  enol  form  reacts  with  the  carbonyl  compound  the  equilibrium  diifts. 

In  this  paper  we  describe  the  condensation  of  1,1,1-trichloro-tert-butyl-l-trichloromethylcyclohexylphos- 
phite  with  aldehydes  and  ketones.  The  synthesis  and  properties  of  the  starting  mixed  phosphite  were  described 
earlier  [2].  The  condensation  of  this  acid  ester  with  aldehydes  and  ketones  proceeds  in  the  same  manner  as  does 
the  condensation  of  bis  (1,1,1-trichloro-tert-butyl)  phosphite  without  a  catalyst. 

EXPERIMENTAL 

For  practical  reasons  the  condensations  were  run  in  small  ampuls,  in  which  an  equimolar  mixture  of  the 
acid  ester  and  carbonyl  compound  was  sealed.  The  reaction  mixture  was  heated  for  a  ^ort  time  at  50-60*  to 
dissolve  the  acid  ester  in  the  carbonyl  compound,  and  then  it  was  allowed  to  sund  at  room  temperature.  In 
some  cases  even  during  cooling  or  after  the  lapse  of  some  time,  crystab  of  the  a-hydroxyalkylphosphonic  acid 
esters  appeared,  the  amount  of  which  increased  with  time.  The  products  of  the  condensation  of  chloral  and  p- 
tolualdehyde  with  the  acid  ester  were  obtained  as  viscous,  syrupy  liquids,  which,  dissolved  in  alcdiol,  formed 
rectilinear  tablets.  The  condensation  of  benzaldehyde  and  of  p-nitrobenzaldehyde  with  the  acid  ester  proceeded 
with  die  formation  of  individual  crystals  of  the  esters,  and  then  the  mixture  congealed  into  a  glass- like  mass. 
Recrystallization  of  the  latter  from  alcohol  gave  the  a-hydroxyalkylphos{^onic  acid  esters  as  well  defined  pris¬ 
matic  crystals. 

A  good  solvent  for  the  recrystallization  of  all  of  the  obtained  1,1,1-trichloro-tert-butyl-l-trichloromethyl- 
cyclohexyl  esters  of  substituted  a-hydroxymethylphosphonic  acid  is  alcohol.  The  ester  of  a-hydroxycyclohexyl- 
phosphonic  acid  was  recrystallized  from  a  mixture  of  chloroform  and  methanol  (1:5).  The  esters  represent  color¬ 
less,  well  formed  crystals,  without  odor,  practically  insoluble  in  watery  and  readily  soluble  in  the  common  organic 
solvents:  acetone,  chloroform,  alcohol,  ether,  dioxane,  etc.  The  nature  of  the  reaction  with  time,  and  the  physical 
constants  of  the  obtainedesters,  together  widi  their  analyses,  are  presented  in  the  table. 

SUMMARY 

1.  It  was  established  that  the  condensation  of  the  mixed  ester  1,1,1-trichloro-tert-butyl-l-trichloromethyl- 
cyclohexylphosphite  widi  aldehyde  and  ketones  proceeds  without  a  catalyst,  either  with  slight  warming  or  at 
room  temperature.  The  nature  of  the  reaction  course  can  be  explained  by  the  presence  of  the  enol  form  of  the 
acid  ester,  which  is  stabilized  by  the  negative  chlorine  atoms  present  in  the  molecule. 

2.  Twelve  new  l,l,l-trichloro-tert-butyl-l-trichloromeihylcyclohexyl  esters  of  substituted  a-hydroxy- 
methylphosf^onic  acid  were  synthesized. 


l,l,l-Trlchloro“tert-butyl-l-trichloronietfiylcyclohexyl  Esters  of  Substituted  a-Hydroxymethylphosphonic  Acid 


le  given  ctxitent  of  chlorine  and  {wiosphorus  represents  the  average  of  two  determinatiais. 
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DERIVATIVES  OF  A LK Y  LPHOS PHONOUS  AND  PHOSPHONIC  ACIDS 


VI.  HALIDES  AND  ALKYLATED  AMIDES  OF  ALKYLALKOXYPHOSPHONIC  ACIDS* 


A.  I.  Razumov,  O.  A.  Mukjacheva,  and  E.  A.  Markovich 


The  complete  chlorides  of  primary  phosphonic  acids  of  type  RP(0)Cl2  and  ArP(0)Cl2  have  been  known 
for  a  long  time.  The  first  methods  for  their  [reparation,  developed  by  Michaelis  [1,  2],  Hofmann  [3]  and  Gui- 
chard  [4],  were  improved  and  expanded  upon  later  [5].  Similar  chlorides  with  unsaturated  radicals  were  syn¬ 
thesized  later  [6-8].  As  regards  the  incomplete  chlorides  of  primary  phosphonic  acids,  they  are  only  slightly 
known  [9,  10]. 

/Cl 

We  were  mainly  interested  in  the  inctxnplete  chlorides  of  type  RP(0)\q|^/  ,  which  could  serve  as 


starting  compounds  for  the  preparation  of  the  alkylated  amides  of  alkyl  alkoxyphosphonic  acids.  These  latter 
compounds,  in  our  opinion,  might  prove  to  be  biologically  active  substances. 


TABLE  1 


R'O^  \ci 


<u 

Value  of 

Boiling  points 
pressure 

1 

-20 

MRd 

Analysis  for 
Cl  (in  oj^ 

Yield 
(In  <1^ 

rt  , 

32 

R 

B 

(in  mm) 

i 

"d 

found 

calc. 

found 

1 

C2H5 

C2H6 

73-74°  (10) 

1.1631 

1.4338 

35.03 

34.95 

22.68 

22.90, 

22.80 

80 

2 

CjHe 

Ji-  C3H7 

85—87(11—12) 

1.1303 

1.4400 

39.75 

39.76 

20.82 

21.15 

80 

3 

C2H5 

i80-C3H7 

76.5—78.5(9.5) 

|RI|^ 

1.4296 

39.75 

39.90 

20.82 

20.68, 

20.60 

45 

4 

C2H6 

n-  qHq 

100—102(10—11) 

1.4395 

44.36 

44.19 

19.24 

19.33, 

19.21 

70 

5 

C2H5 

iso-  C4H} 

98-99.5(13.5) 

1.0898 

1.4355 

44.36 

44.22 

19.24 

19.40, 

19.25 

70 

6 

CH3 

Iso  -C3H7 

36—37(0.5) 

1.2924 

1.4346 

22.68 

22.80, 

22.65 

60 

An  attempt  to  prepare  the  chlorides  horn  the  esters  of  alkyl[^osphonic  acids  by  the  method  of  chlorinating 
with  phosphorus  pentachloride  under  the  usual  conditions,  or  by  means  of  thionyl  chloride,  proved  unsuccessful. 

In  the  first  case  we  obtained  as  byproduct  the  complete  chlwides  RP(0)C1|  in  amounts  ranging  from  10  to 
The  close  proximity  of  die  boiling  points  of  die  latter  makes  it  extremely  difficult  to  isolate  the  desired  products 
completely  pure.  In  die  second  case  the  yields  do  not  exceed  of  the  theoretical.  Only  by  using  a  10-fold 
amount  of  solvent  in  the  chlorination  of  the  alkylphosphonates  with  phosphcxrus  pentachloride  at  a  temperature  of 
28-30*  were  we  able  to  obuin  die  desired  compounds  with  a  hi^  degree  of  purity  in  yields  up  to  [11]  (Table  1). 


*  Presented  at  the  First  All-Union  Conference  on  die  Chemistry  and  Use  of  Organic  Phosphorus  Compounds 
(December,  1955,  Kazan). 
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Formula  of  substance  No.  17  c,H] 


The  synthesized  chlorides  are  liquids  that  are  easily  hydrolyzed  even  in  the  air.  When  treated  with  water 
in  the  presence  of  a  base  they  form  esters  of  pyrophosphonic  acids. 


,CI 


Cl 


R-P/  ■+■  HOH  ^P-R  \p-0— P<^  -f-  2HCI 

II^OR’  R'o/||  RO/y  IPOR 

o  o  o  o 


Thermally  the  chlorides  are  also  quite  unstable,  showing  a  tendency  to  decompose  in  accord  with  the  scheme 


.Cl 

RP(0)<^  — »•  RPOaH-R'Cl 

^OR' 


Reaction  of  the  obtained  chlorides  with  amines  gave  the  corresponding  alkylated  amides  of  alkylalkoxy- 
phosphonic  acids  (Tables  2  and  3). 


TABLE  3 


R  O 

Derivatives  of  Methyl-  and  Isopropylphosphonic  Acids 

R'q/  \n{C,h.). 


Sub¬ 

stance 

Nos. 

Value  of 

Boiling  point; 
pressure 
(  in  mm) 

-20 

[  Yield 

R 

R' 

"0 

m 

■H 

found 

1  (in 

1 

CH., 

CH3 

71—74(0.5) 

1.0214 

1.4355 

18.78 

18.58, 

18.57 

50 

2 

CH3 

C2H5 

77-79(1.5) 

0.9944 

1.4350 

17.31 

17.18, 

17.11 

50 

3 

CH3 

iso—  C3H7 

80-81.5(0.1) 

1.0763 

1.4395 

16.06 

16.43, 

16.49 

41 

4 

iso  — C3H7 

C2H5 

74.5-75(0.5) 

0.9709 

1.4360 

14.97 

15.07, 

15.15 

57 

i 

The  amides  possess  an  unstable  P— N  bond,  especially  in  acid  solutions.  When  treated  with  weak  hydro- 
diloric  acid  solutions  the  hydrochloride  of  the  corresponding  amine  is  cleaved,  while  the  phosphorus-containing 
radicals  combine  into  the  derivatives  of  the  same  pyrophosphonic  acids  that  are  formed  from  the  chlorides  when 
treated  with  water 


2 

R'O^  '^•N(R*)2 


2HCI  -t-  HoO 


R.  .R 

>p— o— PC 

R'C^II  ||\OR' 

o  o 


-i-2R‘'NH  •  HCI 


The  amides  of  phosphoric  acid  behave  in  a  different  manner  [12]. 

All  of  the  synthesized  amides  are  biologically  active,  being  cholinesterase  inhibitors.  The  anticholines¬ 
terase  activity  at  a  molar  concentration,  causing  50%  inhibition,  reaches  a  value  as  low  as  1.5  •  10~‘  (based  on 
cholinesterase  serum)  for  stnne  members.  Along  with  a  high  anticholinesterase  activity  the  amides  show  a  low 
toxity.  The  ID50  (intravenous)  varies  for  different  members  from  2.5  to  1308  mg/kg  (for  mice).  Most  of  the 
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amides  produce  myosis,  in  which  connection  some  of  them  for  a  very  long  time  (up  to  50  days  on  cats  and  human 
volunteers* ).  Most  of  the  amides  are  soluble  in  water.  The  stability  in  water  solutions  is  not  very  great  (25- 
30  days,  after  which  slow  decomposition  sets  in). 

EXPERIMENTAL 

fteparation  of  the  chlorides  of  alkylalkoxyt^osphonic  acids.  Into  a  2.5-liter  three-necked  flask,  fitted 
with  reflux  condenser,  stirrer  and  thermometer,  was  charged  139  g  of  ethyl  ethyli^osphonate  and  2  liters  of 
CCI4.  A  large  calcium  chloride  tube  was  used  to  protect  the  condenser  from  atmospheric  moisture.  Dry  phos¬ 
phorus  pentachloride  (175  g)  was  added  in  small  portions  (1-2  g)  with  rapid  stirring.  The  addition  took  14  his, 
and  was  done  in  such  a  manner  that  the  first  was  added  in  7  hrs  and  the  remaining  Vs  in  the  last  7  hrs.  The 
temperature  was  maintained  at  26-29*.  After  all  of  the  phosphorus  pentachloride  had  been  added  the  liquid  was 
stirred  for  another  hour.  Then  the  solvent  was  distilled  from  the  flask  at  70-80  mm,  and  also  the  formed  phos¬ 
phorus  oxychloride  and  alkyl  halide.  The  residue  was  distilled  at  a  pressure  of  10-12  mm.  This  method  was 
used  to  obtain  most  of  the  chlorides.  Difficulties  were  encountered  in  the  preparation  of  substance  No.  4  (Table  1) 
due  to  the  impossibility  of  obtaining  the  isopropyl  ester  of  ethylphosphonic  acid,  either  by  the  Arbuzov  method 
or  by  the  Michaelis  method.  In  the  first  case  the  isopropyl  ester  of  isopropylphosphonic  acid  is  obtained  as  a 
difficultly  separated  impurity,  due  to  some  "competition"  on  the  part  of  the  formed  isopropylibdide.  With  tfie 
Michaelis  method  the  normal  product  is  not  formed  at  all:  the  main  product  is  the  ester  salt  of  the  correspond¬ 
ing  alkylphosphonic  acid.  Consequently  the  desired  ester  was  obtained  by  die  scheme 

C2H6P(Og3H7-iso)2-HO  -►  C2H5P(0)(OC3H7iso  ), 

B.  p.  88-90“  (12  mm),  d|®  0.9764,  ng  1.4120,  MR^  99.44;  calc.  50.01.  Found  P  15.60,  15.65. 

CiHuOgP.  Calculated  ’’Joi  P  15.46. 

The  chlorides  are  liquids  with  a  sharp  odor  and  are  readily  soluble  in  most  organic  solvents. 

Preparation  of  alkylated  amides  of  alkylalkoxyphosphonic  acids.  The  amides,  with  the  exception  of 
Nos.  16  and  17  (Table  2),  were  obtained  by  the  reaction  of  1  mole  of  the  chloride  with  2  moles  of  the  amine 
in  an  inert  solvent  (usually  ether).  The  reaction  temperature  was  kept  at  about  —15*.  After  its  formation  die 
hydrochloride  precipitate  was  filtered,  the  solvent  was  distilled  off,  and  the  product  was  vacuum -distilled. 

In  the  case  of  ethylenimine  the  reaction  can  go  in  two  directions:'  either  with  opening  of  the  3-membered 
ring  (No.  14  in  Table  2),  or  without  its  opening  (No.  13  in  Table  2).  In  the  second  case  the  reaction  is  run  widi 
2  moles  of  ethylenimine  per  mole  of  chloride,  and  in  the  first  case  a  1 : 1  mole  ratio  is  used. 

In  most  cases  the  amides  are  colorless  liquids  with  a  pleasant  mint  or  pepper  odor.  Most  of  the  amides 
are  readily  soluble  in  water,  with  the  exception  of  compounds  Nos.  7,  8,  9  and  15  (Table  2).  The  amides  are 
radily  soluble  in  many  organic  solvents. 

Action  of  water  on  the  chlorides  (in  the  presence  of  a  base).  Into  a  flask,  fitted  with  condenser,  stirrer 
and  thermometer,  was  charged  47  g  (0.3  mole)  of  the  chloride  of  ethylethoxyphosphonic  acid  (in  benzene  solu¬ 
tion)  and  26.2  g  (0.3  mole  *  4<^  excess)  of  sodium  bicarbonate  (or  pyridine),  and  then  0.6  mole  of  water  was 
rapidly  added  with  vigorous  stirring.  After  the  ^ormy  reaction,  and  cooling  to  room  temperature,  the  precipi¬ 
tate  of  sodium  chloride  (or  of  hydrochloride)  was  filtered,  the  benzene  was  distilled  off,  and  the  residue  was 
vacuum-distilled.  Yield  6  g  (18<^). 

The  obtained  product  was  a  colorless  liquid  with  b.  p.  139.5-141*  (2  mm),  dj®  1.1333,  ng  1.4280. 

Found  P  24.26  ,  24.49.  CgHjoOsPj.  Calculated  P  24.09. 

Action  of  aqueous  acid  solutions  on  the  amides.  To  100  g  of  cooled  ether,  containing  0.5  ml  of  water  and 
1.3  g  of  hydrogen  chloride,  was  added  an  ether  solution  (20  ml)  of  6  g  of  the  monoethylamide  of  ethylethoxy¬ 
phosphonic  acid.  The  next  day  the  precipitate  was  filtered  and  weighed  3  g  (theory  3  g),  m.  p.  107-108*.  The 

*  The  pharmacological  testing  was  done  in  the  Scientific-Research  Chemical- Fharmaceutical  Institute  (Moscow) 
by  I.  M.  Sharapov  in  the  laboratory  of  M.  D.  Mashovsky,  for  which  the  authors  express  to  them  their  sincere 
thanks. 
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residue  was  distilled.  The  coiutants  were  the  same  as  for  the  substance  described  above,  for  which  reason  the 
substance  was  not  analyzed.  Yield  2.5  g  (50%). 

SUMMARY 

1.  A  method  was  developed  which  permitted  the  synthesis  of  some  previously  unknown  chlorides  of  alkyl- 
alkoxyphosphonic  acids.. 

2.  A  number  of  previously  unknown  alkylated  amides  of  alkylalkoxyphosphonic  acids  were  synthesized 
and  some  of  the  properties  of  the  amides  and  chlorides  were  studied. 

3.  All  of  the  synthesized  amides  are  biologically  active,  they  are  cholinesterase  inhibitors  and  [voduce 
prolonged  myosis. 
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DERIVATIVES  OF  ALK YLPHOSPHONOUS  AND  PHOSPHONIC  ACIDS 


VII.  MIXED  ESTERS  OF  PRIMARY  PHOSPHONIC  ACIDS* 

A.  I.  Razumov,  E.  A.  Markovich,  and  A.  D.  Reshetnikova 


Earlier  [1]  we  had  described  a  method  for  the  preparation  of  the  chlorides  of  alkylalkoxyphosphonic  acids 
in  yields  up  to  80%  of  the  theoretical  [2].  In  this  paper  we  describe  a  second  method,  which  consists  in  the 
chlorination  of  the  acid  esters  of  alkylphosj^onous  acids  [3],  by  analogy  widi  the  method  for  die  preparation  of 
the  chlorides  of  dialkylphosphorus  acids  [4].  In  all  respects  the  first  of  these  methods  is  {veferable  to  die  second, 
and  the  chlorides,  easily  obtained  in  this  manner,  can  be  used  as  starting  products  for  the  preparation  of  various 
derivatives.  In  addition,  we  describe  in  this  paper  some  mixed  esters  of  primary  {^osphonic  acids,  obtained 
through  the  indicated  chlorides.  Very  little  study  has  been  made  of  the  mixed  esters,  and  there  exists  only  one 
brief  reference  in  the  literature  to  some  esters  of  methylphosidionic  acid  [5]. 


C,H,\  .OR 

Mixed  Esters  of  Ediylf^osphonic  Acid  o^*^OAr 


Sub¬ 

stance 

Nos. 

Value  of 

Boiling  point, 
pressure 
(in  mm) 

Solubility 

in 

Analysis  for 

1  phosphoms 
tin  W  _ ^ 

Yield 

(In^ 

R 

Ar 

‘'4 

"0 

water 

calc 

found 

1 

CHg 

CeH4N02-p 

159-160°  (0.33) 

1.3018 

1.5294 

1:200 

5.71 

5.70, 

6.02 

44 

2 

C2H5 

C6H4N02“P 

163— 165(OJ2) 

1.2545 

1.5242 

1  :300 

5.40 

5.68, 

5.70 

60 

3 

C2H6 

CjH4N02“0 

140-142(0.15) 

1.2487 

1.5115 

1  :200 

5.40 

5.51, 

5.57 

44 

4 

C2H5 

CeH4N02-o 

145-148(0.15) 

1.2482 

1.5110 

1  :300 

5.40 

5.42, 

5.56 

60 

5 

n  ■C3H7 

C6H4N02-P 

158—158.5(0.2) 

1.2231 

1.5210 

1 :700 

5.14 

5.46, 

5.60 

50 

6 

iso  -C3H7 

CflH4N02-p 

161—164(0.24) 

1.2286 

1.5233 

1  :600 

5.14 

5.44, 

5.50 

15 

7 

n  •C4H9 

CeH4N02-p 

181.5-182.5(0.5) 

1.1968 

1.5180 

1:1500 

4.90 

5.12, 

5.20 

57 

8 

iso  -C4H9 

C6H4NO2-P 

163.5-164(0.5) 

1.1971 

1.5174 

1  : 1200 

4.90 

5.42, 

5.55 

22 

9 

C2H6 

C6H4CI-P 

117—118(0.17) 

1.2122 

1.5050 

1 :800 

12.48 

12.40, 

12.50 

60 

10 

C2H5 

CeH4CI-o 

106—107(0.06) 

1.2065 

1.5045 

1  :500 

12.48 

12.39, 

12.54 

32 

*  Hesented  at  the  First  All-Union  Conference  on  the  Chemistry  and  Use  of  Organic  Hiosphorus  Compounds 
(December,  1955,  Kazan). 


2455 


In  our  opinion,  the  mixed  esters  should  possess  biological  activity.  The  esters  were  obtained  mostly  by 

the  scheme-  Cl  yOkr 

R_p/  HOAr  (CaHslsN  RP<  (C,H6).,N  •  HCl 

^^OR'  ^\OR' 

All  of  the  esters  (see  table)  are  either  colorless  (in  die  case  of  the  chlorophenyl  radical)  or  yellow-colored 
(in  die  case  of  the  nitrophenyl  radical)  liquids.  The  esters  are  quite  readily  soluble  in  water  and  in  aqueous 
solutions,  and  are  stable  both  when  stored  for  a  long  time  (at  least  up  to  3  yrs)  and  when  heated  (during  steriliza¬ 
tion).  They  are  rapidly  hydrolyzed  in  alkaline  solutions.  All  of  die  mixed  esters  are  strong  cholinesterase  in¬ 
hibitors  and  produce  myosls.*  The  ethyl  p-nitrophenyl  ester  of  ethylphosphonlc  acid  (No,  ^  is  the  most  biologically 
active  compound:  the  minimum  concentration,  producing  myosis,  is  a  1:  200,000  solution,  and  the  anticholin¬ 
esterase  activity  is  equal  to  2*10"®  (based  on  die  actual  cholinesterase,  by  the  Warburg  method  [6]).  This  ester, 
known  in  medical  practice  under  the  name  of  "Armine,"  is  used  forthe  treatment  of  glaucoma  and  some  other 
maladies  [7].  In  its  medicinal  properties  it  is  superior  to  the  preparation  of  Schrader  [8],  known  in  medicine 
under  the  name  of  "Mintacol”  (phosi^acol). 

EXPERIMENTAL*  • 

Preparation  of  the  chloride  of  ethyl-edioxyphosphonic  acid.  The  chloride  was  obtained  from  the  acid 
ethyl  ester  of  ethylphosphonous  acid.  The  constants  of  the  ester  differ  somewhat  from  the  literature  data  [3]: 
b.  p.  77.5*  at  15  mm,  df  1.0779,  n^  1.4262.  For  reaction  we  took  13.4  g  of  the  acid  ester.  The  ester  was  cooled 
in  a  flask  to  —15*,  and  then  a  stream  of  dry  chlorine  was  passed  through  it  until  a  very  faint  yellow  color  was 
obtained.  On  termination  of  chlorine  passage  the  excess  chlorine  was  removed  with  a  nitrogen  stream  in  vacuo 
at  room  temperature,  and  then  the  product  was  distilled.  We  obtained  6  g  of  product  (36%).  The  chloride  had 
the  same  constants  as  diat  obuined  by  a  different  method  [1]. 

Preparation  of  ethyl  p-nitrophenyl  ethylphosphonate.  Into  a  3-llter  three-necked  flask,  fitted  with  reflux 
condenser,  Aermometer  and  dropping  funnel,  was  charged  181  g  of  p-nitrophenol  and  1500  ml  of  dry  ether. 

After  the  phenol  had  dissolved,  204.5  g  of  ediyleUioxyphosphonic  chloride  was  added.  Then  the  flask  was  placed 
in  a  bath  containing  cold  water,  and  the  contents  stirred  for  40-45  min.  After  this  132  g  of  triethy famine,  diluted 
with  three  volumes  of  dry  ether,  was  added  slowly.  When  all  of  the  amine  had  been  added  the  contents  of  the 
flask  were  heated  for  30-40  min  at  solvent  boil.  After  cooling  the  mixture  the  hydrochloride  was  filtered,  while 
the  mixed  ester  was  distilled  twice  in  a  high  vacuum  (pressure  not  exceeding  0.2  mm,  since  the  product  shows 
a  tendency  to  decompose  at  higher  pressures).  Yield  206  g  (61%). 

Most  of  the  other  mixed  esters  were  prepared  in  a  similar  manner.  Only  in  some  cases  were  the  anhydrous 
phenolates  used.  The  first  method  is  to  be  preferred. 

SUMMARY 

1.  Some  previously  unknown  mixed  esters  of  ethylphos{^onic  acid  were  synthesized. 

2.  All  of  die  synthesized  mixed  esters  show  biological  activity  as  cholinesterase  inhibitors  and  as  powerful 
myotics. 
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ISOMERIZATION  OF  MONOOLEFINIC  HYDROCARBONS  UNDER  THE 


CONDITIONS  OF  CATALYTIC  HYDROGENATION  IN  A  LIQUID  PHASE 


I.  V.  Gostunskaya,  N.  B.  Dobroserdova ,  and  B.  A.  Kazansky 


In  his  well-known  studies  on  the  catalytic  hydrogenation  of  dienes  in  the  presence  of  platinum  black  S.  V. 
Lebedev  [1,  2]  set  himself  die  goal  of  establishing  die  relationship  between  the  structure  of  dienes  and  the  manner 
in  which  the  first  molecule  of  hydrogen  added  to  them.  It  proved  that  the  addition  went  in  all  of  the  possible 
directions  (in  positions  1,  2;  3,  4;  and  1,4)  with  an  ill-defined  selectivity;  usually  the  reaction  products  were 
also  found  to  contain  the  unreacted  diene  and  an  equivalent  amount  of  the  paraffin  —  the  addition  product  of 
two  molecules  of  hydrogen  to  the  diene. 


TABLE  1 


Composition  of  mixture  of  monoolefins  in  %  | 

Catalysts 

Dienes 

monoolefins 

Pt 

Pd 

Ni 

Isoprene 

1.4 

2-Methyl- 2- butene 

31 

43 

42 

1,2  +  3,4 

2-Methyl-l-butene  +  3-methyl-l-butene 

69 

57 

58 

Diisocrotyl 

1.4 

2,5-  Dimethyl-  3  -hexene 

17 

7 

9 

1,2  +  3,4 

2,5-Dlmethyl-2-hexene 

83 

93 

91 

The  studies  of  S.  V.  Lebedev  were  extended  and  made  more  crxnplete  later  by  other  investigators  [3-6]; 
under  the  same  conditions  hydrogen  was  added  to  diisocrotyl,  isoprene,  diisopropenyl  and  3-methyl-2-ethyl- 
1,3-pentadiene  in  the  presence  of  not  only  platinum,  but  also  palladium  black  and  skeletal  nickel,  and  a  more 
detailed  investigation  of  the  reaction  products  was  made.  Here  it  was  found  that  a  somewhat  greater  selectivity 
in  the  addition  of  die  first  molecule  of  hydrogen  is  observed  in  the  presence  of  palladium  or  nickel  than  in  the 
presence  of  platinum.  Thus,  unreacted  diene  and  completely  hydrogenated  paraffin  are  found  to  a  considerably 
smaller  extent  in  the  reaction  products,  while  the  amount  of  hydrogen,  adding  to  the  diene  in  the  1,4  position, 
shows  a  greater  variation  as  a  function  of  the  structure  of  the  diene  being  hydrogenated,  which  can  be  seen  from 
die  data  given  in  Table  1. 

For  all  of  the  investigated  hydrocarbons,  in  the  presence  of  all  three  catalysts,  the  addition  of  hydrogen 
in  the  1,2  and  3,4  positions  (as  a  sum)  predominates  over  the  addition  in  the  1,4  position.  However,  the  ctrni- 
position  of  the  monoolefins,  obtained  as  a  result  of  the  addition  of  one  molecule  of  hydrogen  to  isoixrene  and 
dibocrotyl  in  the  presence  of  palladium  and  nickel,  is  closer  to  the  composition  of  the  equilibrium  mixture  of 
olefins  than  obtains  in  the  hydrogenation  over  platinum.  Actually,  the  experimental  and  calculation  data  show 
dut  for  temperatures,  close  to  diose  at  which  the  described  experiments  were  run,  the  predominant  component 
in  the  equilibrium  mixture  of  methylbutenes  is  the  2-mediylbutene  with  a  central  position  of  the  double  bond 
[7],  while  in  the  equilibrium  mixture  of  2,5-dimethylhexenes  the  predominant  component  is  2,5-dimethyl-2- 
hexene  [8],  in  which  the  double  bond  Is  located  in  the  1,2  (or  3,4)  position  of  the  conjugated  system. 

It  is  possible  to  assume  diat  the  composition  of  die  monoolefins,  formed  as  the  result  of  die  addition  of  one 
molecule  of  hydrogen  to  dienes  of  variable  struccure,  depends  not  only  on  the  structure  of  the  starting  dienes,  as 
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was  assumed  by  S.  V.  Lebedev,  but  also  on  the  secondary  reaction  of  isomerization  of  the  olefins  with  a  shift  of 
the  double  bond,  progressing  in  the  presence  of  various  catalysts  at  various  rates. 

Statements  exist  in  the  literature  that  such  a  shift  is  possible  in  the  presence  of  metallic  hydrogenation 
catalysts.  Thus,  as  early  as  1929  Zelinsy  and  Levina  [9]  observed  that  3,7-dimethyl-l-octane  in  the  presence 
of  palladinized  asbestos  at  200°  isomerizes  with  a  shift  of  the  double  bond  to  the  middle  of  the  carbon  chain. 

Later,  Twigg  [10-11]  observed  a  shift  of  the  double  bond  when  1-butene  was  brought  in  contact  with  a  nickel 
wire  in  a  hydrogen  atmosphere  at  65*  and  at  133*.  Young  and  co-workers  [12],  in  studying  the  hydrogenation  of 
butadiene  with  various  catalysts  at  hydrogen  pressures  of  1-2  atmosj^eres  and  room  temperature  in  ethyl  alcohol 
medium,  revealed  that  in  the  presence  of  palladium,  deposited  on  barium  sulfate,  the  composition  of  the  partially 
hydrogenated  products  was  close  to  the  composition  of  the  thermodynamic  equilibrium  mixture  of  butenes.  The 
migration  of  the  double  bond  in  butenes  was  confirmed  by  them  by  means  of  special  experiments  in  which  1- 
butene  and  2-butene  were  subjected  to  partial  hydrogenation  in  the  presence  of  the  same  catalysts.  Kazansky, 
Lukina,  Malyshev  and  others  [13]  observed  the  isomerization  of  2-methyl-l-pentene  and  2-methyl- 2- pentene 
in  an  equilibrium  mixture  of  these  olefins  of  identical  composition  in  the  partial  hydrogenation  of  each  of  these 
hydrocarbons  in  alcohol  medium  at  room  temperature  in  the  presence  of  palladium  black.  Kazansky  and  Popova 
[3]  tried  to  isomerize  2,5-dimethyl-2-hexene  into  2,5-dimethyl-3-hexene  by  subjecting  it  to  partial  hydrogena¬ 
tion  at  room  temperature  in  the  presence  of  either  platinum  black  or  skeletal  nickel;  however,  they  failed  to 
observe  any  appreciable  isomerization.  This  can  be  explained  by  the  fact  that  under  the  conditions  used  by 
these  authors,  the  equilibrium  concentration  of  2,5-dimethyl-3-hexene  should  have  been  quite  small,  as  follows 
from  the  experiments  made  later  on  the  isomerization  of  the  2,5-dimethylhexenes  in  the  presence  of  calcium 
amide  [8]. 

The  purpose  of  the  present  study  was  to  determine  to  what  degree  in  the  hydrogenation  of  dienes  in  the 
presence  of  the  three  enumerated  catalysts  it  is  possible  for  the  double  bond  in  the  monoolefins,  formed  as  inter¬ 
mediate  products,  to  shift.  For  this  2-methyl- 1-butene  and  3-methyl-l-butene  —  the  intermediate  products  in 
the  partial  hydrogenation  of  isoprene  —  were  shaken  in  95%  alcohol  medium  at  room  temperature  with  such 
amounts  of  either  platinum  or  palladium  black  or  skeletal  nickel  as  were  used  in  the  earlier  described  studies 
on  the  hydrogenation  of  dienes  [3-6],  in  which  connection  from  0.15  to  0.30  mole  of  hydrogen  was  introduced 
into  the  hydrogenation  vessel.  The  same  technique  in  the  presence  of  palladium  black  was  also  used  in  the  case 
of  2,5-dimethyl-3-hexene,  which  is  formed  when  1  mole  of  H2  is  added  to  diisocrotyl. 

As  a  result  of  the  performed  experiments  it  was  found  that  in  all  cases,  when  platinum  black  was  used  onjy 
hydrogen  addition  occurs,  i.  e.,  a  shift  of  the  double  bond  failed  to  occur.  In  the  presence  of  palladium  black, 
together  with  hydrogen  addition,  there  was  also  isomerization:  2-methyl-l-butene  was  almost  completely  iso- 
merized  into  2-methyl-2-butene;  3-methyl-l-butene  was  ~  30%  converted  into  the  same  hydrocarbon;  and 
2,5-dimethyl-3-hexene  was  almost  completely  converted  into  2,5-dimethyl- 2-hexene.  A  shift  of  the  double 
bond  also  occurred  in  the  presence  of  nickel,  but  to  a  much  lesser  degree  than  in  the  presence  of  palladium  black. 
As  a  result  it  is  possible  to  assume  that  in  the  presence  of  palladium  black  the  addition  of  the  first  molecule  of 
hydrogen  to  dienes,  according  to  S.  V.  Lebedev,  should  not  be  accompanied  by  any  secondary  isomerization 
phenomena.  In  the  presence  of  palladium,  and  to  a  lesser  degree  in  the  presence  of  nickel,  it  is  possible  for 
the  isomerization  reaction  to  reflect  on  the  composition  of  the  final  products  of  the  partial  hydrogenation  of 
dienes.  In  die  presence  of  palladium  the  isomerization  rate  for  the  hydrocarbons  mentioned  in  the  present  study 
is  greater  than  their  hydrogenation  rate,  and  in  the  presence  of  nickel  the  reverse  is  true. 

Such  a  sharply  expressed  difference  in  the  ability  of  platinum  and  palladium  to  catalyze  a  shift  of  the 
double  bond  under  the  indicated  conditions  cannot  as  yet  be  satisfactorily  explained  due  to  the  absence  of  re¬ 
liable  data,  which  would  characterize  the  state  of  the  hydrogen  on  a  platinum  or  palladium  black  surface,  and 
also  the  absence  of  reliable  data  on  the  different  ratios  that  exist  between  the  amount  of  hydrogen  adsorbed  on 
the  surface  of  these  metals  and  that  dissolved  in  them.  It  is  obvious  that  a  difference  in  these  ratios  can  exert 
a  variable  effect  on  the  behavior  of  the  mentioned  catalysts  in  the  reaction  for  the  isomerization  of  olefins;  it 
is  necessary  to  assume  that  a  further  accumulation  of  experimental  data  will  permit  throwing  some  light  on  this 
subject. 
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EXPERIMENTAL 


Starting  rrionooleflns.  2-Methyl-l-butene  and  3-methyl-l-butene  were  prepared  by  the  dehydration  of 
tsoamyl  alcohol  (passage  of  the  vapors  over  aluminum  oxide  at  400*  and  a  space  velocity  of  1);  the  dehydra¬ 
tion  products  were  distilled  through  a  70-theoretical  plate  column.  2,5 -Dimethyl-3 -hexene  was  synthesized  by 
die  method  of  [14],  i.  e.,  by  the  reaction  of  CHsMgBr  with  2,5-dichloro-3-hexene.  The  hydrocarbon  was  distilled 
through  a  40-dteoretical  plate  column.  The  properties  of  the  olefins  are  given  in  Table  2. 


TABLE  2 


Boiling 

MRn 

literatiue  data 

point 

Name  of  olefin 

(760  mm) 

"D 

found 

calc. 

Boiling 
point 
(760  mm) 

"D 

source 

3-Methyl-l-butene 

20.2 

1.3672 

0.6328 

24.90 

24.82 

20.06 

1.3675 

0.6325 

[16] 

(15°) 

(15°) 

31.16 

(15°) 

1.3778 

(15°) 

0.6504 

[15] 

2-M  ethyl- 1  -butene 

31.2 

1.3777 

0.6500 

24.86 

24.82 

2.5-Dim  ethyl- 3- 
hexene 

99.7-99.9 

1.4040 

0.7015 

39.11 

38.67  j 

103-103.5 

102-102.1 

1.4100 

1.4030 

0.7122 

0.7124 

[14.16J 

[17] 

TABLE  3 


Expt. 

No. 

ilatalyst 

Amount 
(in  mole  %) 

Total  composition  of  reaction 
mixture  (in  wt,  °Jo  ) 

Comp,  of  reaction 
mixture  calc,  on  basis 
of  the  monoolefins 
(in  wt, 

catalyst 

H, 

2-m^^hy^ 
butene  | 

2-n^thy] 

butene 

l2- methyl 
butane 

2“  methyl 
butene 

2-r^ethyl 

butene 

1 

2 

3 

4 

6 

7 

8 

9 

1 

Pd 

1.0 

13.9 

7.1 

79.6 

133 

I 

8.2 

91.8 

2 

Pt 

1.0 

14.0 

90.6 

— 

9.4* 

100 

0 

3 

Ni 

1.0 

14.2 

88.0 

— 

12.0 

100 

0 

4 

Ni 

10.0 

13.9 

77.2 

8.9 

13.9 

89.7 

10.3 

5 

Ni 

1.0 

2.7.4 

73.4 

3.5 

23.1 

95.5 

4.5 

*  The  low  content  of  2-methylbutane  in  the  reaction  products  is  explained  by  the  losses 
incurred  during  distillation. 


TABLE  4 


Expu 

No. 

Catalyst 

Amount 
(in  mole 

Total  compositiMi  of  the  re¬ 
action  mixture  (  in  wt.  %) 

Comp,  of  reaction  mix¬ 
ture  calc,  on  the  basis 
of  the  monoolefins 
(in  wt,  <^) 

catalyst 

H, 

3-n^ethyl 

butene 

2-methyl 

butene 

2-methyl 

butane 

a-i^emyi 

butene 

■-i-n^thyl 

butene 

1 

2 

3 

4 

^  , 

6 

7 

8 

9 

6 

Pd 

1.0 

14.3 

r  - 

57.2 

27.2 

15.6 

67.8 

32.2 

7 

Pt 

1.0 

14.0 

85.5 

— 

14.5 

100.0 

0 

8 

Ni 

1.0 

27.8 

71.5 

1.9 

26.6 

97.4 

2.6 
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Fig.  1.  Distillation  curves  for  the  products  of  the 
partial  hydrogenation  of  2-niethyl-l-butene  in  the 
presence  of  palladium,  platinum  or  nickel. 


Volume  <?{) 

Fig.  2.  Distillation  curves  for  the  products  of  the 
partial  hydrogenation  of  S-methyl-l-butene  in  the 
presence  of  palladium,  platinum  or  nickel. 


Operational  technique  and  study  of  the  reaction 
products.  The  hydrogenations  were  run  at  room  tem¬ 
perature  and  atmospheric  pressure  in  95  ethyl  alcdiol 
medium  (250  ml).  The  palladium  and  platinum  blacks 
were  taken  in  amounts  of  1-1.5  mole'Jfc  on  the  weight 
of  the  olefin,  while  the  nickel  was  taken  in  amounts 
of  1  and  l(y%.  The  amount  of  hydrogen  added  was 
approximately  14  to  28%  of  that  needed  to  completely 
hydrogenate  the  taken  weight  of  olefin.  The  reaction 
products  were  studied  by  the  method  described  in  pre¬ 
vious  papers  [3-5]. 

Partial  hydrogenation  of  2-methyl-l-butene.  The 
amount  of  olefin  taken  for  each  experiment  was  35  g 
(0.5  mole).  The  experimental  conditions  and  com¬ 
position  of  the  reaction  products  are  given  in  Table  3. 

The  distillation  curves  for  expt.  Nos.  1,  2,  and  5 
are  shown  in  Fig.  1. 

The  portions  of  the  distillation  curves  with  a 
temperature  of  about  28”  correspond  to  the  saturated 
hydrocarbon  —  isopentane  (b.  p.  27.8”),  the  portions  of 
the  curves  at  31*  correspond  to  the  original  2-methyl- 
l-butene,  and  those  at  a  temperature  of  38“  -  to  the 
isomerization  product  2-methyl- 2-butene  (b.  p.  38.6”). 
The  third  possible  amylene  —  3-mediyl- 1-butene  —  was 
not  found  in  the  reaction  products. 


Columns  8  and  9  in  Table  3  give  the  data  on  the 
amount  of  isomeric  olefins  in  the  reaction  mixture  cal¬ 
culated  on  the  basis  of  100%  olefins,  without  taking  into 
account  the  amount  of  isopentane  formed  as  the  result  of  the  addition  of  hydrogen  to  the  olefin. 


Calculation  of  the  composition  of  the  thermodyhamic  equilibrium  mixture  of  isoamylenes  for  a  tempera¬ 
ture  of  25”,  made  on  the  basis  of  the  isobaric  potential  values  given  in  the  tables  [18],  gives  the  following  results: 
2-methyl-2-butene  92%,  2-methyl-l-butene  7.8%,  and  3-methyl-l-butene  0.2%. 


Volume  % 


Fig.  3.  Distillation  curve  for  the  jxroducts  of  the 
partial  hydrogenation  of  2,5-dimethyl-3-hexene  in 
the  presence  of  palladium. 


A  comparison  of  the  results  of  the  partial  hydro¬ 
genation  of  2-methyl-l-butene  in  the  presence  of  either 
Pd  or  Ni  with  the  composition  of  the  equilibrium  mix¬ 
ture  of  isoamylenes  reveals  that  in  the  case  of  palladium 
the  isomerization  proceeds  quantitatively  up  to  the 
equilibrium  concentrations  of  the  isoamylenes.  The 
isomerizing  action  of  nickel,  studied  in  expt.  Nos.  3-5, 
becomes  noticeable  only  when  the  amount  of  catalyst 
taken  is  increased  up  to  10%  (Expt.  4),  or  when  the 
amount  of  added  hydrogen  is  increased  (by  increasing 
the  contact  time). 

Partial  hydrogenation  of  3-methyl-l-butene. 

The  amount  of  monoolefin  taken  for  each  hydrogena¬ 
tion  experiment  was  35  g  (0.5  mole).  The  conditions 
and  results  of  the  experiments  are  presented  in  Table  4. 
The  distillation  curves  are  shown  in  Fig.  2. 

The  portions  of  the  distillation  curves  with  a 
temperature  of  20*  correspond  to  the  original  3-methyl- 
l-butene,  the  portions  with  a  temperature  of  28*  corre- 
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spend  to  the  hydrogenation  product—  Isopentane  —  and  those  with  a  temperature  of  38*  correspond  to  the  iso¬ 
merization  product  —  2-melhyl- 2-butene.  The  third  possible  amylene  -  2-methyl-l-butene  —  was  not  found 
in  the  partial  hydrogenation  [Mroducts.  Calculation  of  the  composition  of  the  reaction  products  on  the  basis  of 
100%  monoolefins  gives  the  results  presented  in  columns  8  and  9  of  Table  4,  from  which  it  follows  that  3-methyl- 

1- butene,  the  same  as  2-methyl-l-butene,  is  most  rapidly  isomerized  in  the  presence  of  palladium,  but  the 
composition  of  the  (Stained  mixture  of  amylenes,  even  when  the  isomerization  is  over  palladium,  is  quite  distant 
from  the  composition  of  the  thermodynamic  equilibrium  mixture  of  amylenes. 

Partial  hydrogenation  of  2,5-dimethyl-3-hexene  in  the  presence  of  palladium  black.  For  the  hydrogena¬ 
tion  we  took  a  solution  of  20.5  g  (0.17  mole)  of  2,5-dimethyl-3-hexene  in  250  ml  of  ethyl  alcohol  and  0.5350  g 
(0.0027  g-atoms)  of  palladium  black.  The  amount  of  hydrogen  added  was  15.7%  of  die  total  amount  needed  to 
ccxnpletely  hydrogenate  the  taken  weight  of  olefin. 

The  distillation  curve  for  the  hydrogenation  products  is  shown  in  Fig.  3.  The  straight  portion  of  the  distil  - 
lation  curve  with  a  temperature  of  about  112*  corresponds  to  the  isomerization  product,  2,5-dimethyl-2-hexene, 
possibly  containing  some  2,5-dlmethyl-l-hexene,  the  properties  of  which  lie  quite  close  to  those  of  2,5-dlmethyl- 

2- hexene. 

2,5-Dimethyl-2-hexene:  b.  p.  112.2*,  n^  1.4120,  dj®  0.7182;  2,5-dimethyl-l-hexene:  b.  p.  111.6*, 
ng  1.4105,  df  0.7172. 

The  inflection  on  the  curve  at  about  109*  corresponds  to  the  hydrogenation  product  2,5-dimethylhexane 
(b.  p.  109.1*),  while  the  inflection  at  about  100*  testifies  to  the  presence  of  the  original  2,5-dlmethyl-3-hexene 
in  the  mixture. 

Calculation  of  the  composition  of  the  reaction  products,  made  on  the  basis  of  the  distillation  curve  and 
analysis  of  the  obtained  fractions,  gives  the  following  results:  2,5-dlmethyl-3-hexene  1.6  g  (9.5  wt.  %),  2,5- 
dlmethyl- 2-hexene  11.9  g  (70.9  wt.%),  and  2,5-dimethylhexane  3,3  g  (19.6  wt.%). 

The  unsaturated  portion  of  the  catalyzate  contains  11.3%  of  original  2,5-dlmethyl-3-hexene  and  88.7% 
of  the  isomerization  product  —  2,5-dimethyl-2-hexene. 

SUMMARY 

1.  The  isomerization  of  2-methyl-l-butene  and  3-metliyl-l-butene  in  the  presence  of  platinum  black, 
palladium  black  and  Raney  nickel,  and  also  the  isomerization  of  2,5-dimethyl-3-hexene  in  the  presence  of 
palladium  black,  was  studied  under  the  conditions  of  partial  hydrogenation  of  the  olefins  at  room  temperature 
and  atmospheric  pressure  in  ethyl  alcohol  medium. 

2.  It  was  shown  that  in  the  presence  of  palladium  all  of  the  investigated  olefins  undergo  isomerization 
with  a  shift  of  the  double  bonds.  Platinum  under  the  studied  conditions  falls  to  display  an  Isomerizing  ability, 
while  nickel  causes  the  double  bond  to  shift  only  to  a  slight  degree. 

3.  The  observations  made  testify  to  the  fact  that  the  composition  of  die  products  of  the  addition  of  one 
molecule  of  hydrogen  to  diene  hydrocarbons  in  the  presence  of  either  palladium  or  nickel  can  depend  not  only 
on  the  manner  in  which  the  hydrogen  adds  to  the  diene,  but  also  on  the  secondary  isomerization  reaction  of  the 
formed  monoolefins. 
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THE  INVESTIGATION  OF  CONJUGATED  SYSTEMS 
LXXXI.  THE  ORDER  OF  BROMINE  ADDITION  TO  DIALKYLVINYLETHYNYLCARBINOLS 

A.  A.  Petrov  and  K.  B.  Rail 


As  the  result  of  investigations  by  one  of  us  together  with  Yu.  I.  Porfiryeva, specific  rules  were  established 
for  the  addition  reactions  of  vinylethynyl  hydrocarbons.  It  was  shown  that  bromine  adds  on  to  the  double  bond  of 
vinylalkylacetylenes,  while  alkenylacetylenes  give  mainly  allene  dibromides  (1,4-addition)  [1,  2].  With  hydro¬ 
gen  bromide, vinylalkylacetylenes  form  allene  hydrobromides,  but  alkenylacetylenes  give  1,3 -diene  hydrobromides 
(addition  to  the  triple  bond)  [3].  Hydrogen  adds  on  to  the  triple  bond  in  all  cases  [4].  Hydrocarbons  with  isolated 
multiple  bonds  add  bromine  to  double  bonds  and  hydrogen  bromide  to  triple  bonds  [5], 

It  was  of  interest  to  investigate  the  rules  of  addition  for  derivatives  of  vinylacetylene  hydrocarbons.  With 
this  object  in  view  we  have  investigated  the  addition  of  bromine  to  dialkylvinylethynylcarbinols. 

Dialkylvinylethynylcarbinols  have  recently  been  investigated  in  detail,  particularly  by  the  school  of  I.  N, 
Nazarov  [6];  but  for  their  simple  addition  reactions  (with  halogens,  hydrogen  halides,  etc.)  only  a  little  data  is 
available. 

Hydrogen  (by  catalytic  reduction  or  nascent)  adds  exlusively  to  the  triple  bond  [6  -8],  The  action  of  a  hy¬ 
drogen  halide  is  first  to  form  the  dialkylvinylethynylmethyl  halide  which  then  adds  on  a  molecule  of  hydrogen 
halide  to  give  compounds  of  the  type  —  RjCX  -CH=  CX-CH=  CHj  and  R2C=  CH-CX=  CH-CHjX  [9,  10], 
Alkyl  hypoiodites,  on  the  other  hand,  add  preferentially  to  the  double  bond  [11].  Dienes  synthetized  with  the  aid 
of  dialkylvinylethynylcarbinols  (in  the  capacity  of  dienophils)  add  exclusively  to  the  double  bond  [6].  The  addi¬ 
tion  of  nucleophilic  substances  to  the  triple  bond  is  a  trivial  fact. 

As  subject  for  investigation  we  selected  the  two  alcohols  —  dimethylvinylethynylcarbinol  and  diisopropyl - 
vinylethynylcarbinol. 

By  the  bromination  of  these  alcohols  there  was  the  possibility  of  forming  three  isomeric  dibromides  —  an 
allene  (by  1,4-addition),  an  acetylene  (by  addition  to  the  double  bond)  and  a  1,3 -diene  (by  addition  to  the  triple 
bond). 

In  practice  the  bromination  of  these  carbinols  gave  compounds  with  fairly  narrow  boiling  ranges,  which 
readily  lost  one  molecule  of  hydrogen  bromide  under  the  influence  of  cold  alcoholic  alkali.  These  properties 
showed  at  least  that  the  compounds  were  mainly  dibromides  with  mobile  bromine  atoms,  acetylene  or  allene. 

The  infrared  spectra  of  both  the  dibromides  (Fig.  1,  curves  1  and  2)  showed  only  slight  absorption  in  the  re¬ 
gion  of  5.09  fi,  so  that  the  presence  of  any  significant  amount  of  allene  dibromide  could  be  excluded.  At  the 
same  time  the  spectra  showed  quite  strong  bands  at  about  4.4  n  which  were  characteristic  of  acetylene  compounds 
[12].  The  bands  characteristic  of  1,3-dienes  at  6.10-6.25  fi  were  of  low  intensity. 

Thus  the  spectral  data  left  no  doubt  that  we  were  dealing  with  acetylene  dibromides  containing  small 
amounts  of  1,3 -diene  and  very  small  amounts  of  allene  dibromides.  It  followed  that  the  dialkylvinylethynylcarbi¬ 
nols  added  bromine  to  the  double  bond  like  the  structurally  related  hydrocarbons  —  the  vinylalkylacetylenes. 

We  further  investigated  the  products  obtained  by  the  action  of  alcoholic  alkali  on  the  dibromides  of  the 
dialkylvinylethynylcarbinols.  The  triple  bond  between  the  carbon  atoms  linked  to  bromine  and  the  ternary  hy¬ 
droxyl  group  could  not  become  part  of  a  five-  or  six-membered  ring,  so  that  the  elimination  of  hydrogen  bro- 
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mide  would  not  affect  the  alcoholic  hydroxyl  group, 
stable  bromovlnylethynyl  alcohol  —  R2C(OH)~C  s  C 


Infrared  Spectra. 

1)  Dibromide  of  dimethylvinylethynylcarbinol; 

2)  dibromide  of  diisopropylvinylethynylcarbinol; 

3)  product  of  the  reaction  of  the  dibromide  of 
diisopropylvinylethynylcarbinol  with  alcoholic 
alkali;  4)  acetylation  product  of  dimethyl - 
bromovinylethynylcarbinol . 

Curves  "a"  were  obtained  with  a  LiF  prism, 
curves  “Tj"  with  a  NaCl  prism.  The  cell 
thickness  was  0.1  mm. 


The  result  of  dehalogenation  was  to  give  only  the  very  un- 
-CBr=  CHj. 

The  infrared  spectra  of  these  compounds  were  used 
to  check  their  proposed  structures.  The  spectra  showed 
strong  absorption  bands  corresponding  to  hydroxyl  (2.9  fi) 
and  to  double  (6,26  fi)  and  triple  (4.44  fi)  bonds  (curve 
3  of  Fig.  1  is  for  diisopropylbromovinylethynylcarbinol). 

Experiments  on  the  conversion  of  these  alcohols 
into  acetates  (by  the  action  of  acetyl  chloride  in  pydi- 
dine)  showed  that  acetylation  occurred  with  great  diffi¬ 
culty.  In  the  case  of  dimethylbromovinylethynylcarbinol 
the  product  was  a  mixture  of  the  acetate  (about  56  %) 
with  the  original  alcohol.  The  infrared  spectrum  of 
this  mixture  (Fig.l,  curve  4)  showed  bands  correspond¬ 
ing  to  hydroxyl  (2.98  fl),  carbonyl  (5.78  fi)  and  to  the 
ethylenic  (6,26  /i)  and  acetylenic  (two  at  4.43  and  4.45 
/i)  bonds.  In  the  case  of  diisopropyl  bromovinylethynyl¬ 
carbinol  acetylation  was  not  achieved;  the  original 
carbinol  was  recovered  unchanged.  This  peculiarity  in 
the  behavior  of  the  alcohols  is  clearly  the  result  of 
steric  difficulties. 

EXPERIMENTAL 

The  technical  grade  of  dimethylvinylethynyl¬ 
carbinol  was  used.  It  was  redistilled  in  vacuo.  The  b. 
p.  52*  (10  mm)  and  njj  1,4780  agreed  with  the  data  in 
the  literature  [6], 

Diisopropylvinylethynylcarbinol  was  obtained  as 
follows.  An  ethereal  solution  of  vinylacetylene  (20  % 
excess)  was  added  in  small  portions,  with  cooling,  to 
a  solution  of  a  Grignard  reagent  prepared  from  ethyl 
bromide.  After  the  evolution  of  ethane  had  finished, 
the  solution  was  treated  with  the  calculated  quantity 
of  isobutyrone.  The  preparation  was  then  continued  in 
the  normal  way.  The  yield  of  diisopropylvinylethynyl- 
carbinol  was  66  %. 


B.  p.  76-77*  (8  mm),  82-83*  (10  mm),  dj®  0.8832,  np  1,4790,  molecular  refraction  (MR)  53.38,  calc.  51,99. 


Found  %  C  79.31,  H  11.08.  CnHuO,  Calcualted  C  79.54,  H  10.91. 

Bromination  of  dimethylvinylethynylcarbinol.  A  solution  of  65  g  (0.6  mole)  of  dimethylvinylethynylcarbinol 
in  200  ml  of  chloroform  was  maintained  at  minus  25-28*,  and  48  g  (0.3  mole)  of  bromine  in  50  ml  of  chloroform 
was  added  with  vigorous  stirring  over  a  period  of  1.5  hours.  At  the  end  of  the  reaction  the  chloroform  was  distilled 
off  slowly  on  a  water  bath.  The  pressure  was  then  reduced  to  10  mm,  and  unreacted  carbinol  (37.2  g)  was  distilled 
off.  The  reaction  product  was  redistilled  at  4  mm. 


The  dibromide  of  dimethylvinylethynylcarbinol  (mainly  l,2-dibromo-5-methyl-3-hexyn-5-ol)  was  obtained 
in  82  °]o  yield  (based  on  the  bromine). 

B.  p.  99-101.5*  (4  mm),  df  1.7273,  ng  1.5519,  MR  49.92,  calc.  49.58. 

Found  °lai  Br  59,10,  C7HioOBr2.  Calculated  ^oi  Br  59.22 


Infrared  spectrum  —  2,95  (strong),  3.34  (strong),  3.41  (strong),  3,49*  (strong),  4,01  (weak),  4,34  (weak). 


•  Shoulder. 


4.41  (medium),  5.08  (very  weak),  6,14  (medium),  6.20  (medium),  6,87  (strong),  6,92  (strong),  7,26  (strong)/!. 

When  2.3420  g  of  the  dibromide  was  treated  in  the  cold  with  a  two -fold  excess  of  lQ°]o  alcoholic  KOH,  0,74 
g  of  bromine,  53.4  %of  the  total  weight,  appeared  in  the  solution  in  the  form  of  bromide  ions.  A  duplicate  ex¬ 
periment  gave  53.7  ‘Jfc. 

The  dibromide  (20.2  g)  was  treated  in  the  cold  with  a  double  excess  of  10  ^  alcoholic  KOH.  After  standing 
for  2.5  hours  the  mixture  was  diluted  with  water,  acidified  and  salted  out  with  CaClj.  The  heavy  oil  formed  was 
separated,  dried  over  Caa2  ^nd  distilled  in  vacuo.  The  yield  of  dimethylbromovinylethynylcarbinol  was  5.6  g 
(40  %). 

B.  p.  72-73.5*  (5  mm),  dj®  1.3214,  n^  1.5232,  MR  43,72,  calc.  41.29. 

Found  ’’hi  Br  40.93.  C7H90Br.  Calculated  °ht  Br  42.27. 

The  material  visibly  darkened  and  soon  turned  to  a  thick  dark-brown  mass. 

Dimethylbromovinylethynylcarbinol  (8.8  g)  was  dissolved  in  16  g  of  anhydrous  pyridine.  The  cold  solution 
was  treated  with  5  g  of  acetyl  chloride.  The  oil  formed  on  diluting  the  mixture  with  water  was  washed  with  dilute 
sulfuric  acid,  dried  and  distilled  in  vacuo.  Yield  5.7  g. 

B.  p.  78-80*(5  mm),  df  1.2926,  nJJ  1.5122. 

Found  ‘Ifc;  Br  37.94.  C9Hii02Br.  Calculated  Br  34.58.  C7H90Br.  Calculated  Br  42,27. 

Infrared  spectrum  —  2,98  (strong),  3.21*  (medium),  3.35  (strong),  3.41  (strong),  3.49*  (medium),  4,43 
(medium),  4.45  (medium),  5.78  (strong),  6.26  (strong),  6.57  (medium),  6,89  (strong),  7.28(strong)  /!. 

Bromination  of  diisopropylvinylethynylcarbinol.  A  solution  of  20  g  (0,12  mole)  of  diisopropylvinylethynyl- 
carbinol  in  100  ml  of  chloroform  was  maintained  at  minus  25-28*,  and  a  solution  of  9,6  g  (0.06  mole)  of  bromine 
in  50  ml  of  chloroform  was  added  with  vigorous  stirring.  At  the  end  of  the  reaction  the  preparation  was  continued 
as  described  above. 

The  yield  was  15.6  g  (80  %)  of  the  dibromide  of  diisopropylvinylethynylcarbinol  (believed  to  be  1,2-dibromo- 
-6  -methyl  -5  ’-metho  -5  -ethyl  -3  -heptyn  -5  -ol). 

B.p.  134-136*  (4  mm),  df  1,4529,  n“  1.5295,  MR  69.29,  calc.  68,05. 

Found  °h  Br  49.68,  49,40,  CjiHigOBrj.  Calculated  7o:  Br  49,03. 

Infrared  spectmm  —  2.98  (strong),  3.40  (strong),  4,42  (medium),  6,08  (weak),  6.22  (weak),  6.81  (strong), 
7.26  (strong)  /!. 

It  should  be  noted  that  dibromides  were  obtained  with  a  wider  boiling  range  in  individual  experiments,  which 
was  explained  as  the  result  of  isomerization  during  the  process  of  distillation. 

When  a  small  quantity  of  the  substance  was  treated  in  the  cold  with  alcoholic  alkali  about  50  %  of  the  bro¬ 
mine  always  went  into  solution. 

A  twofold  excess  of  10  %  alcoholic  KOH  was  added  to  17  g  of  the  dibromide  in  the  cold.  The, resulting  mix¬ 
ture  was  treated  as  described  above  to  obtain  7.9-g  (64  %)  of  diisopropylbromovinylethynylcarbinol. 

B.  p.  99-100.5*  (5  mm),  dj®  1.1980,  n^  1.5145,  MR  61.65,  calc.  59.82. 

Found  °hi  Br  32.58.  CjiHiTOBr.  Calculated  Br  32.60. 

Infrared  spectrum  —  2,90  (strong),  3.21  (weak),  3.36  (strong),  3.41*  (strong),  3,49  (strong),  3.67  (weak), 

3.83  (weak),  4,18  (weak),  4.44  (medium),  5,51  (weak),  6.26  (strong),  6,81  (strong),  7.22  (strong)  /!. 

SUMMARY 

1.  The  order  of  the  addition  of  bromine  to  dimethyl-  and  diisoprojylvinylethynylcarbinols  has  been  investi¬ 
gated. 

•  Shoulder. 


2466 


2.  It  has  been  shown  that  the  predominating  product  in  both  cases  was  the  acetylene  dibromide;  bromine 
added  mainly  to  the  double  bond. 

3.  Two  dialkylbromovinylethynylcarbinols  were  obtained  by  the  action  of  alcoholic  alkali  on  the  dibromides, 
and  some  of  their  properties  have  been  investigated, 
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HOMOLOGS  OF  MON  O  V  IN  Y  L  A  CE  T  Y  LE  N  E 


VI.  THE  ADDITION  OF  METHYL  ALCOHOL  TO  ISOPROPENYL ACETYLENE 
I.  A.  Favorskaya  and  N.  N.  Kopylov -Shakhmatov 


The  addition  of  methyl  alcohol  to  isopropenylacetylene  at  room  temperature  led  to  the  formation  of  two 
products,  the  dimethylketal  of  2-methyl -l-buten-3 -one  (I)  and  the  dimethylketal  of  l-methoxy-2-methyl-3- 
-butanone  (II), 


CH 


CHj 


CH.OH 

Q  BF,r4-H70 

III 

CH 


CH,-, 


CH3-C 

I 

CH3O-C 

^H, 


CHjOH 


CH, 


CHa 

I  \0CH3 
CH, 

(I) 


CHgOCH, 

TH  OH  CH, — CH 
OCH,  — ^  1  .OCH, 

I  ^OCH, 
CH, 

(II) 


If  the  addition  was  carried  out  at  a  higher  temperature  (40*  ),  the  only  reaction  product  obtained  was  pro¬ 
duct  (II).  The  results  of  individual  experiments  on  the  addition  of  the  alcohol  are  given  in  Table  1, 


TABLE  1 


Expt. 

No. 

Amounts  of  reagents  (in  I 
moles)  1 

[Duration  of 

reaction  (in 
hours) 

Tempera¬ 

ture 

Held  of  product  ( 

hydrocarbon 

alcohol 

(I) 

(II) 

1 

0.5 

2.0 

9 

30° 

21.5 

24.7 

2 

0.68 

2.45 

20 

40 

— 

40 

3 

0.72 

2.75 

17 

40 

41.5 

The  presence  of  the  unsaturated  ketal  (I)  in  the  addition  |woducts  justifies  the  assumption  that  the  addition 
of  the  first  molecule  of  methyl  alcohol  leads  to  the  formation  of  a  diene  ester  which  is  obtained  by  the  addition 
of  the  fim  molecule  of  alcohol  at  the  triple  bond  or  by  addition  at  the  1,4  position,  followed  by  isomerization  into 
a  diene. 

The  second  molecule  of  methyl  alcohol  is  added  to  the  diene  ester,  forming  the  unsaturated  ketal  (I).  The 
structure  of  the  ketal  (I)  was  proven  by  its  hydrolysis  into  the  unsaturated  ketone  2-methyl -l-buten-3 -one.  The 
addition  of  methyl  alcohol  to  the  unsaturated  ketal  (I)  may  proceed  in  two  directions: 


(I) 


CHjOH  ^ 


.^s  a  result  of  the  hydrolysis  of  the 


CH30CH,-CH(CH3)-C(0CH3)2-CH3  dD 
(CH3)2C(0CH3) — C(0CH3)2 — CH,  (Ila) 

methoxyketal  the  ketone  CH,OCH2CH(CH,)— C— CH,  (III)  was  obtained 


O 


L 
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and  was  found  to  be  identical  with  l-methoxy-2-methyl-3-butanone,  synthesized  directly  by  the  addition  of 
methyl  alcohol  at  the  double  bond  of  the  unsaturated  ketone  2-methyl-l-buten-3-one,  The  isomeric  methoxy- 
ketone  2-methoxy-2-methyl-3-butanone  was  described  by  I,  N.  Nazarov  [1]  and  its  constants  are  markedly  differ¬ 
ent  from  the  constants  of  the  hydrolysis  product  of  the  methoxyketal  (II).  The  addition  product  of  3  molecules  of 
alcohol  and  isopropenylacetylene  corresponds  in  structure  to  the  dimethylketal  of  l-methoxy-2-methyl-3-butanone 
(II)  and  the  addition  of  methyl  alcohol  to  the  unsaturated  ketal  (I),  therefore,  proceeds  in  a  contrary  manner  to 
Markovnikov 's  rule.  The  diene  ester  of  2-methyl -3-methoxy-l, 3-butadiene  (IV)  was  obtained  by  splitting  off 
methyl  alcohol  from  the  dimethylketal  of  l-methoxy-2-methyl-3-butanone  with  potassium  bisulfate;  the  struc¬ 
ture  of  this  ester  was  proven  by  condensing  with  quinone. 

(II)  CH2=C(CH3)— C(0CH3)=CH2 

(IV) 

The  condensation  reaction  did  not  take  place  at  room  temperature.  We  were  only  able  to  obtain  an  addi¬ 
tion  product  when  the  reagents  were  heated  in  a  sealed  tube  for  4  hours  at  100*.  It  is  interesting  to  compare  these 
data  with  those  of  L.  V.  Fedorova  [2]  for  the  condensation  of  cyclic  diene  esters  of  a-methoxyvinyl-l-cyclo- 
hexene  and  a-methoxyvinyl-l-cyclopentene  with  quinones.  These  esters  have  a  much  greater  reactivity  in  diene 
synthesis  with  quinones  than  the  open-chained  diene  ester  (IV)  which  we  obtained. 

The  condensation  of  (IV)  with  sulfur  dioxide  was  of  interest  to  us  because  of  the  possibility  of  the  synthesis 
of  a  ketosulfone.  As  a  result  of  a  number  of  experiments  we  established  that  the  main  direction  of  the  reaction 
is  the  polymerization  of  the  diene  ester  (IV)  itself.  As  in  the  case  of  the  more  reactive  diene,  an  attempt  to  carry 
out  this  reaction  with  a-methoxyvinylcyclohexene  also  lead  to  the  formation  of  pxjlymerized  products  of  a  diene 
containing  only  3  °lo  sulfur. 


EXPERIMENTAL 

Addition  of  Methyl  Alcohol  to  Isopropenylacetylene 

Experiment  1.  1.5  g  of  red  mercuric  oxide,  0.5  g  of  the  addition  compound  of  ether  and  of  boron  trifluoride, 
0.2  g  of  monochloroacetic  acid  and  1  ml  of  methyl  alcohol  were  placed  in  a  250  ml  three -necked  flask  equipped 
with  a  thermometer,  stirrer,  dropping  funnel  and  reflux  condenser  which  was  protected  by  a  calcium  chloride  tube. 
The  mixture  was  carefully  heated  to  50-60*  after  which  50  ml  of  methyl  alcohol  was  added  to  the  catalyst;  the 
remainder  of  the  alcohol  (20  ml)  and  33  g  of  hydrocarbon  were  added  slowly  from  the  dropping  funnel.  The  re¬ 
action  temperature  was  regulated  by  cooling  the  flask  in  a  bath  of  water.  After  the  addition  of  all  the  hydrocar¬ 
bon  (1  hour)  stirring  was  continued  for  a  further  8  hours  and  sodium  methylate  (0.5  g  of  sodium  in  10  ml  of  alco¬ 
hol)  was  then  added  to  the  reaction  mixture.  The  excess  alcohol  was  distilled  off  and  the  reaction  products  were 
distilled  first  at  atmospheric  pressure  and  then  under  vacuum. 

The  following  fractions  were  obtained  from  the  distillation;  1st,  117-120*  (760  mm),  Up  1.4130,  14  g; 

2nd,  69*  (22  mm),  nJJ  1.4170,  20  g. 

Investigation  of  the  product  with  a  b.p.  of  117-120*  (760  mm)  —  the  dimethylketal  of  2-methyl-l-buten- 
-3 -one  (I). 

nJ5  1.4130,  dj®  0.8827,  MRp  36.61.  C7H14O2  f.  Calculated  35.61. 

Found  fo:  C  64.40;  H  10.52;  CX:H3  47.9,  47.7.  C7Hi4p2.  Calculated  C  64.62;  H  10.77;  OCHj  47.7. 

Hydrolysis  of  the  product  with  a  b.p.  of  117-120*  (I).  1  g  of  the  substance  (I)  was  shaken  in  a  test  tube  with 
5  ml  of  water,  acidified  with  4  drops  of  hydrochloric  acid.  The  reaction  products  were  extracted  with  ether.  After 
the  ether  had  been  distilled  off  0.7  g  of  a  substance  was  obtained  which  gave  a  semicarbazone  with  an  m.p.  of 
172-173*  (alcohol)  [3]. 

Found  °l<it  N  29.75,  29.93.  CfiHuONj.  Calculated  <^0:  N  29.80. 

A  mixed  melt  of  the  semicarbazone  with  the  semicarbazone  of  2-methyl-l-buten-3-one,  obtained  by  the 
hydration  of  isopropenylacetylene,  showed  no  depression  of  the  melting  point. 
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Investigation  of  the  product  with  a  b.p.  of  69*  (22  mm)  — the  dimethyl  ketal  of  l-methoxy-2-methyl"3- 
-butanone  (II). 

nf)  1.4175,  df  0.9301,  MRp  43.80;  calc.  44.07. 

Found  %;  C  59.03,  59.26;  H  10.77,  10.21;  OCH,  58.2,  58,0.  M  162.9.  CgHigO,.  Calculated  %  C  59.27; 

H  11.11;  CXTHj  57.41.  M  162. 

Hydrolysis  of  the  product  with  a  b.p.  of  69*  (22  mm)  (II).  8  g  of  the  product  (II)  was  shaken  with  1  ml  of 
distilled  water  and  2  drops  of  concentrated  hydrochloric  acid  in  a  small  flask  with  a  ground  glass  stopper.  The 
ketone  was  extracted  with  ether.  3.7  g  of  a  product  corresponding  to  l-methoxy-2-methyl-3-butanone  (III)  was 
obtained. 

B.p.  46-47*  (18  mm),  ng  1.4090,  dj®  0.9093,  MRp  31.54;  calc.  31.56, 

Found ‘7o:  OCH,  28.5.  28.6.  CgHuOj.  Calculated  OCH,  26.72. 

The  semicarbazone  of  the  methoxyketone  was  obtained.  B,  p.  95-96*  (petroleum  ether). 

Found  N  24.21,  24.50;  OCH3  18.10,  17.78.  CitHisOjNj.  Calculated  N  24.28;  OCH3  17.95. 

Preparation  of  1  -  methoxy -2 -methyl -3 -butanone  [31 

0.6  g  of  mercuric  sulfate,  0.3  ml  of  concentrated  sulfuric  acid  and  70  ml  of  anhydrous  methyl  alcohol  were 
placed  in  a  three -necked  reaction  flask  equipped  with  two  dropping  funnels  and  a  reflux  condenser.  20  g  of  iso- 
propenylacetylene  and  18  ml  of  distilled  water  were  then  added  dropwise  simultaneously  to  the  flask.  Mercuric 
sulfate  was  then  added  in  four  lots  of  0.6  g  each.  The  temperature  of  the  water  bath  was  maintained  at  75-80*. 

An  aqueous  solution  of  alkali  and  methoxyketone  extracted  with  ether  was  added  to  the  reaction  flask  7  hours 
after  the  commencement  of  the  reaction.  The  b.p.  was  144-148*  (760  mm),  n^  1.4110. 

Found  <70;  C  62.23,  62.00;  H  10.13,  10.10.  M  114.5.  CgH^Oj.  Calculated  C  62.07;  H  10.34.  M  116. 

The  semicarbazone  of  the  methoxyketone  was  obtained.  A  mixed  melt  of  a  sample  of  this  semicarbazone 
and  the  semicarbazone  of  the  hydrolysis  product  of  substance  (II)  showed  no  depression  of  the  melting  point;  pro¬ 
duct  (HI)  obtained  by  the  hydrolysis  of  substance  (II)  was,  therefore,  really  1 -methoxy -1 -methyl -3 -butanone. 

Preparation  of  2-methyl-3-methoxy-l,3-butadiene  (IV).  0.2  g  of  potassium  bisulfate,  previously  heated  to 
202*,  was  placed  in  a  flask  with  a  fractionating  column.  The  methyl  alcohol  was  split  off  by  distilling  the  methoxy - 
ketal  (II)  at  atmospheric  pressure.  A  50  *7>  yield  of  2-methyl -3-methoxy-l,3-butadiene  was  obtained. 

B.  p.  99*  (760  mm),  nJ5  1.4487,  df  0.8457,  MRp  31.06.  CjHiqOj  R  Calculated  30.62. 

Found  OCH3  31.3,  31.6.  M  96.9.  CgHjoO,  Calculated  <7o;  OCH3  31.6  M  98. 

The  addition  product  with  p-benzoquinone  was  obtained  by  heating  1.63  g  of  diene  ester  with  1  g  of  quinone 
and  10  ml  of  anhydrous  benzene  in  a  sealed  tube  for  4  hours  at  100*.  The  m.p.  was  50-52*  (petroleum  ether). 

Found  C  69.91,  69.97;  H  6.82,  6.89;  OCH3  15,5.  CuHmO,.  Calculated  °Jo:  C  69.90;  H  6.79;  OCH3 

15.05. 

SUMMARY 

1.  Two  products  —  the  dimethylketal  of  2-methyl-l-buten-3-one  and  the  dimethylketal  of  l-methoxy-2- 
-methyl -3 -butanone  —  were  obtained  in  a  ratio  of  1  :  1  by  the  action  of  methyl  alcohol  on  isopropenylacetylene 
in  the  presence  of  BF3*(C2H5)20  and  HgO  at  25*. 

2.  It  was  shown  that  the  first  two  molecules  of  alcohol  arc  added  at  the  triple  bond  of  the  hydrocarbon  while 
the  third  molecule  of  alcohol  is  added  at  the  double  bond  of  the  unsaturated  ketal,  contradictory  to  MarkovnikoVs 
rule. 

3.  The  diene  ester  2-methyl-3-methoxy-l,3-butadiene  was  obtained  by  splitting  off  alcohol  from  the  di¬ 
methylketal  of  1- methoxy -2 -methyl -3 -butanone. 

4.  The  diene  condensation  of  2-methyl-3-methoxy-l,3-butadiene  with  p-benzoquinone  was  carried  out. 
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SYNTHESIS,  CATALYTIC  HYDROGENATION  AND  H  Y  DROG  E  NOL  Y  S  IS  OF 

UNSATURATED  ETHERS 


A.  I,  Lebedeva  and  M,  M.  Monkosha 


In  previous  works  it  was  established  by  one  of  the  authors  together  with  Almashi  [1,  2]  that  as  a  result  of  the 
catalytic  hydrogenation  at  normal  pressure  and  room  temperature  of  y  ,y -dimethylallyl  ethers  of  dimethylvinyl- 
carbinol  (II)  and  y  ,y -dimethylallyl  alcohol  (I)  in  the  presence  of  platinum  black  the  ether  bond  is  mptured,  with 
the  formation  of  the  corresponding  amyl  alcohols  and  isopentane.  Rupture  of  the  ether  bond  by  catalytically  acti¬ 
vated  hydrogen  has  hitherto  only  been  noted  with  benzyl  or  phenyl  ethers  [3  -  7]. 

In  the  present  work  it  was  decided  to  study  the  process  more  accurately  and  to  establish  the  causes  of  hydro- 
genolysis  of  the  ether  bond  which  can  usually  only  be  ruptured  under  fairly  drastic  conditions. 

For  this  purpose  we  investigated  the  process  of  catalytic  hydrogenation  of  y  ,y  -dimethylallyl  ethers  of  y.y  - 
-dimethylallyl  alcohol(I)  and  dimethylvinylcarbinol  (II),  isoamyl  ethers  of  y  ,y  -dimethylallyl  alcohol  (III)  and 
dimethylvinylcarbinol  (IV).  the  y  ,y  -dimethylallyl  ether  of  tertiary  amyl  alcohol  (V)  and  the  process  of  hydroge- 
nolysis  of  the  ethers  (I),  (II)  and  (V)  (see  the  system  of  reactions). 

We  used  Pt  black,  Pd  on  CaCOj  and  Raney  Ni  as  catalysts.  It  was  found  that  hydrogenolysis  of  unsaturated 
ethers  on  Pt  black  was  only  observed  in  the  presence  of  traces  of  mineral  acids  (hydrochloric  or  hydrobromic).  If 
the  hydrogenation  process  was  carried  out  in  a  strictly  neutral  medium  no  hydrogenolysis  took  place  and  the  only 
reaction  products  were  saturated  etliers,  the  diisoamyl  (VI)  and  isoamyl  ether  of  tertiary  amyl  alcohol  (VII).  The 
activating  action  of  acids  on  the  process  of  catalytic  hydrogenation  was  first  noted  by  Rosenmund,  Marcus  and 
Karg  [8]  who  found  that  the  Ar—CHOH  group  is  easily  reduced  to  Ar— CH2  in  the  presence  of  HQO4.  Other  mine¬ 
ral  acids  act  in  a  similar  manner  but  are  less  active.  Hydrogenation  does  not  take  place  or  does  not  proceed  to 
completion  without  the  addition  of  acid.  Kinder  and  Blaas  [9]  obtained  similar  results.  These  authors  consider 
that  as  a  result  of  the  formation  of  a  molecular  compound  the  C— O— C  bonds  are  weakened  and  the  rate  and  de¬ 
gree  of  completeness  of  hydrogenation  increased. 

The  apparently  spontaneous  mpture  of  unsaturated  ethers  previously  noted  [1,  2],  is  evidently  explained  by 
the  presence  of  traces  of  acid  in  the  investigated  ether  or  in  the  air  of  the  laboratory. 

The  next  series  of  experiments  was  carried  out  with  palladium  on  calcium  carbonate.  Under  these  condi¬ 
tions  the  y,y  -dimethylallyl  ether  of  dimethylvinylcarbinol  (II)  added  only  one  molecule  of  hydrogen  with  the 
formation  of  the  y  ,y -dimethylallyl  ether  of  tertiary  amyl  alcohol  (V)  which  has  only  one  unsaturated  bond.  The 
isoamyl  ether  of  dimethylvinylcarbinol  (IV)  also  added  one  molecule  of  hydrogen  with  the  formation  of  the  iso¬ 
amyl  ether  of  tertiary  amyl  alcohol  (VII).  The  y,y -dimethylallyl  ether  of  y  ,y  -dimethylallyl  alcohol  (I)  was  not 
hydrogenated  in  the  presence  of  Pd  on  CaCOs.  As  a  result  of  these  experiments  it  was  possible  to  establish  the  se¬ 
lective  relationship  of  catalytically  activated  hydrogen  in  the  presence  of  Pd  on  CaCOs  toward  a  different  type 
of  double  bond  of  unsaturated  ethers.  The >C=  CH2  bond  is  quantitatively  hydrogenated:  under  the  conditions 
of  the  investigation  the  (CHs)2C=CH  bond  is  virtually  unaffected. 

During  hydrogenation  with  Raney  nickel  no  cessation  was  observed  after  the  addition  of  one  molecule  of  hy¬ 
drogen  and  the  product  obtained  after  the  addition  of  one  molecule  of  hydrogen  was  clearly  nonhomogeneous. 

The  structure  of  the  initial,  intermediate  and  final  products  was  proven  by  ozonization,  oxidation  and  hy¬ 
drogenation  to  be  corresponding  ethers  and  by  synthesis.  Initially,  ethers  (I)  and  (II)  were  obtained  by  the  dehy¬ 
drogenation  of  dimethylvinylcarbinol  by  an  aqueous  solution  of  KHSO4  (10-20  the  yield  being  insignificant. 
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Later,  a  part  of  the  ethers  was  obtained  by  Williamson’s  reaction  [10],  It  must  be  pointed  out  that  in  no  experi¬ 
ment  did  we  succeed  in  obtaining  the  ditertiary  a,a-dimethylallyl  ether  of  dimethylvinylcarbinol  (VIII),  Attempts 
to  obtain  this  ether  by  Henry's  [11]  and  Meerwein’s  method  [12]  gave  negative  results. 


Pd/CaCO, 

not  hydrogen¬ 
ated 


[(CH,]jC=CHChJjO 


[(CH,)2CH-CH3CHz]iO 

(VI)  i 


(CHjIjCHCHjCH,  1 
(CHjjjCHCHjCHjOHj 


^  Pt- black 
*  no  acid 


(CH,)3C=CHCH2\  (CHj)3C=CHCH3s,q 

CH3=CHC(CH3)3^  CH3-CH2C(CH3ilf^ 

LiVack 

(CH,)2CH(CHj)3  I^t/CaCO,  (CH3)2CH(CH2)2^  (CH3)2CHCH2CH,  ' 

CH2=CHC(CHj)^  CH,CH2C(CH^2"'  (CH^CHCHjCHjOH 

(IV)  (vu)  CHjCHjCOHtCHs)^ 


(CH,)2CHCH2CH2^ 

(CHj)2C=CHCH2'^'^ 

(III) 


[CHj=CHC(CH^2]jO 

(wn) 


CH2=CHC{CHj)2^ 

CHjCHjCiCHjjj 

W 


Not  obtained 


It  was  not  possible  to  synthesize  the  a,a-dimethylallyl  ether  of  tertiary  amyl  alcohol  (IX),  This  failure 
was  not  incidental.  It  is  known  that  systems  containing  a  number  of  tertiary  carbon  atoms  are  not  very  stable  [13], 
For  example,  numerous  attempts  to  synthesize  ditertiary  butyl  ether  were  not  successful  before  1941  [14], 

EXPERIMENTAL 

Synthesis  of  unsaturated  ethers.  100  g  of  dimethylvinylcarbinol  and  100  ml  of  20  ‘70KHSO4  solution  were 
placed  in  a  flask.  The  temperature  of  the  mixture  was  raised  to  80*  with  continual  stirring  whereupon  formation 
of  isoprene  commenced.  Heating  was  continued  for  20  hours  after  which  the  upper  layer  (76^  was  separated, 
washed  with  a  solution  of  alkali  and  dried  with  calcined  potash.  A  fraction  with  a  b.p.  of  30-60*  (5  mm)  was  se¬ 
parated  from  a  mixture  boiling  within  a  very  wide  range  (30-105*  at  5  mm).  The  following  fractions  were  obtained 
from  the  distillation  of  100  g  with  a  fractionating  column  :  1st,  31.5-33*,  54g;  2nd,  39-40*,  15  g;  3rd,  56-57*, 

9  g.  From  their  constants  the  1st  fraction  corresponded  to  y,y  -dimethylallyl  alcohol,  the  2nd  to  the  y  ,y -dimethyl- 
allyl  ether  of  dimethylvinylcarbinol  (II),  the  3rd  to  the  y  ,y  -dimethylallyl  ether  of  y  ,y  -dimethylallyl  alcohol  (I). 

Synthesis  of  ethers  (11)  -  (V)  by  Williamson's  method  [10].  Equimolecular  amounts  of  metallic  sodium,  car- 
binol  and  the  corresponding  bromide  or  chloride  were  used  for  each  experiment.  The  metallic  sodium  was  cut  in¬ 
to  small  pieces  in  toluene  and  then  washed  by  decantation  from  ethyl  ether.  The  y  ,y  -dimethylallyl  bromide  was 
obtained  by  Mokievsky's  method  [15].  The  mixture  of  a,a-  and  y  ,y -dimethylallyl  chlorides  was  obtained  by 
Nazarov’s  method  [16], 

The  precipitated  sodium  halide  was  filtered  off  and  the  mixture  distilled  first  from  a  Favorsky  flask  and  then 
with  a  fractionating  column.  The  other  conditions  of  preparation,  the  constants  and  the  analysis  of  the  ethers  ob¬ 
tained  are  given  in  Table  1. 

Attempts  to  synthesize  the  ditertiary  ethers  (VIII)  and(D0.  As  the  result  of  the  action  of  a  mixture  of  a,a- 
and  y  ,y -dimethylallyl  chlorides  on  the  alcoholate  of  dimethylvinylcarbinol  isoprene,  ether  (II)  and  the  initial 
compounds  were  formed.  By  the  action  of  potash  (using  Meerwein’s  method)  on  a  mixture  of  the  chlorides  and 
dimethylvinylcarbinol  or  a  mixture  of  dimethylvinylcarbinol  and  tertiary  amyl  bromide  the  initial  compounds  were 
obtained.  By  the  action  of  the  alcoholate  of  tertiary  amyl  alcohol  on  a  mixture  of  the  chlorides  and  similarly 
by  the  action  of  the  alcoholate  of  dimethylvinylcarbinol  on  tertiary  amyl  bromide  .only  the  formation  of  amyl- 
enes  was  noted.  When  a  mixture  of  dimethylvinylcarbinol  with  tertiary  amyl  iodide  and  pyridine  was  heated  in 
sealed  tubes  pyridine  hydrogen  iodide  and  amylene  were  formed. 

Catalytic  hydrogenation.  Hydrogenation  was  carried  out  in  an  S.  V.  Lebedev  apparatus  [17]  in  a  vessel 
with  a  capacity  of  about  250  ml.  The  amount  of  solvent  (ethyl  ether  or  96*70  alcohol)  used  was  10  times  that  of 
the  substance.  The  weighed  samples  of  the  substance  varied  from  1-10  g. 
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The  amount  of  catalyst  used  was  generally  10  %  by  weight  of  the  substance.  After  hydrogenation  the  cata¬ 
lyst  was  filtered  off,  the  solvent  was  evaporated  and  the  substance  was  distilled  and  analyzed.  The  Pt  black  was 
prepared  by  the  Fokine-Willstatter  method  [18].  The  Pd  on  CaCOj  was  prepared  by  the  Busch-Steve  method  [19] 
and  the  skeletal  nickel  catalyst  by  the  Covert  and  Adkins  method  [20].  The  data  of  the  experiments  on  hydroge¬ 
nation  without  rupture  are  given  in  Table  2. 


TABLE  2 


Hydrogenation  of  Unsaturated  Ethers 


Expt. 

No. 

Name  of  the  ether 

H  (in  ml) 

Final  product  of  hydrogenation 

Found 

Calcu¬ 

lated 

1 

y  ,y  -Dimethylallyl  ether  of  y  ,y  - 
-dimethylallyl  alcohol  (I) 

297 

291 

Diisoamyl  ether  (VI) 

2 

y,y -Dimethylallyl  ether  of  di- 
methylvinylcarbinol  (II) 

305 

291 

Isoamyl  ether  of  tertiary  amyl  alcohol  (VII) 

3 

Isoamyl  ether  of  y  ,y -dimethyl¬ 
allyl  alcohol  (III) 

142 

143 

Diisoamyl  ether  (VI) 

4 

y  ,y  -Dimethylallyl  ether  of 
tertiary  amyl  alcohol  (V) 

154 

143 

Isoamyl  ether  of  tertiary  amyl  alcohol  (VII) 

5 

y  ,y  -Dimethylallyl  ether  of 
dimethylvinylcarbinol  (II) 

158 

145 

y,y  -Dimethylallyl  ether  of  tertiary  amyl 
alcohol  (V) 

6 

Isoamyl  ether  of  dimethyl¬ 
vinylcarbinol  (IV) 

141 

143 

Isoamyl  ether  of  tertiary  amyl  alcohol  (VII) 

7 

y  ,y -Dimethylallyl  ether  of 
y  ,y  -dimethylvinylcarbinol  (I) 

230 

143 

Not  analyzed 

8 

y  ,y  -Dimethylallyl  ether  of 
dimethylvinylcarbinol  (II) 

875 

861 

Mixture  of  ethers  in  which  'v  20%  of  the 
initial  ether  remained. 

Note;  Catalyst;  Pt  black  for  experiments  1-4,  Pd  on  CaCOs  for  experiments  5-6  and  ilaney  nickel  for  experi¬ 
ments  7-8, 


TABLE  3 

Hydrolytic  Rupture  of  Unsaturated  Ethers 


Expt. 

No. 

Name  of  the  ether. 

Weighed 

H  (in  ml) 

sample 

(in  g) 

Found 

IBSB 

Final  product  of  hydrogenolysis 

1 

y,y -Dimethylallyl  ether  of  di¬ 
methylallyl  alcohol  (I) 

2.0 

872 

Isopentane,  isoamyl  alcohol 

2 

y,y -Dimethylallyl  ether  of  di¬ 
methylvinylcarbinol  (II) 

11.6 

5245 

5055 

Isopentane,  isoamyl  alcohol,  tertiary 
amyl  alcohol 

3 

y  ,y  -Dimethylallyl  ether  of 
tertiary  amyl  alcohol  (V) 

4.0 

1030 

1148 

Isopentane,  tertiary  amyl  alcohol 

1  g  of  the  substance  was  used  in  the  first  seven  experiments  and  6  g  in  experiment  8.  In  the  latter  experi¬ 
ment  hydrogenation  was  stopped  after  the  addition  of  one  molecule  of  hydrogen,  the  solution  was  filtered  and  the 
filtrate  divided  into  two  equal  parts.  One  half  was  hydrogenated  over  Pt  black  (470  ml  of  hydrogen  was  absorbed), 
the  other  half  was  hydrogenated  over  Pd/  CaC03,  89  ml  of  hydrogen  being  absorbed  (20  %  of  the  theoretical,  on  the 
basis  of  1  mole  of  hydrogen). 


Ozonization  and  oxidation  of  the  y  ,y -dimethylallyl  ether  of  tertiary  amyl  alcohol  (V).  1,9  g  of  the  ether 
(V)  and  20  g  of  chloroform  were  used,  0,690  g  of  ozone  was  absorbed.  Acetone  in  the  form  of  its  2,4-dinitro- 
phenylhydrazone  was  found  in  the  products  of  ozonolysis.  Formaldehyde  and  formic  acid  were  absent. 

Acetone  2,4-dinitrophenylhydrazone  was  obtained  from  the  neutral  distillate  when  1,9  g  of  the  ether  (V) 
was  oxidized  with  4,5  g  of  KMn04. 

The  hydrolytic  rupture  of  the  ethers  was  carried  out  by  hydrogenation  over  Pt  black  in  the  presence  of  one 
or  two  drops  of  dilute  (1  :  100)  HCl  or  HBr,  All  the  other  experimental  conditions  were  unchanged.  The  results 
of  hydrogenation  are  given  in  Table  3,  The  amount  of  hydrogen  absorbed  was  calculated  on  the  basis  of  3  moles 
of  hydrogen  in  experiments  1  and  2  and  2  moles  in  experiment  3,  It  was  not  possible  to  detect  isoamyl  alcohol 
in  the  hydrogenolysis  products  of  the  y  ,y -dimethylallyl  ether  of  tertiary  amyl  alcohol  (experiment  3), 

SUMMARY 

1,  The  reaction  of  the  catalytic  hydrogenation  and  hydrogenolysis  of  unsaturated  ethers  with  the  general 
formulas  CjoHigO  and  CjoHjoO  was  investigated. 

It  was  found  that  in  an  absolutely  neutral  medium  over  Pt  black  only  hydrogenation  of  unsaturated  ethers, 
with  formation  of  the  corresponding  saturated  ethers,  takes  place, 

2,  It  was  established  that  in  the  presence  of  traces  of  acid , diolefin  ethers  containing  double  bonds  in  the 
6  -position  to  the  ether  bond  undergo  rupture  of  the  ether  bond,  together  with  hydrogenation,  with  formation  of 
the  corresponding  hydrocarbons  and  alcohols.  In  the  case  of  unsaturated  ethers  with  only  one  double  bond  hydro¬ 
genolysis  does  not  proceed  to  completion, 

3,  A  selective  relationship  of  catalytically  activated  hydrogen  in  the  presence  of  Pd  on  CaCOg  toward  a 
different  type  of  bond  in  the  investigated  ethers  was  noted.  The  (CH3)2C=  CH  bond  is  virtually  unaffected,  the 
CH2=  CH  bond  is  completely  hydrogenated, 

4,  4  new  ethers  were  obtained  during  the  investigation;  the  isoamyl  ether  of  y  ,y -dimethylallyl  alcohol, 
the  isoamyl  ether  of  dimethylvinylcarbinol,  the  y  ,y  -dimethylallyl  ether  of  tertiary  amyl  alcohol  and  the  isoamyl 
ether  of  tertiary  amyl  alcohol, 
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INVESTIGATIONS  IN  THE  FIELD  OF  POL  Y  MET  HYLENE  RING  SYSTEMS 


XXIX.  THE  REACTIONS  AND  REACTION  PRODUCTS  OF  CYCLIC,  ALIPHATIC  AND  ALIPHATIC- 
-AROMATIC  1,3-DIKETONES  WITH  HYDRAZINE  AND  SUPSTltuTED  HYDRAZINES 

N.  A.  Domnin,  Van  Syui-Kun  and  V.  A.  Cherkasova 


We  showed  [1]  that  cyclohexane- 1,3 -dione  and  5,5-dimethyIcyclohexane-l,3-dione  (dimedone)  give  only 
products  of  uncertain  structure  instead  of  the  expected  mono-  and dihydrazones  when  reacted  with  hydrazine  hy¬ 
drate. 

When  reacted  with  dlmethylhydrazine  both  these  ketones  give  only  monodimethylhydrazones  but  not  bis-di- 
methylhydrazones.  Under  these  conditions  the  aliphatic  1,3 -diketone,  acetylacetone,  which  has  a  similar  structure, 
gives  a  monohydrazone  and  3,5-dimethylpyrazole  with  hydrazine  but  with  dimethylhydrazine  readily  gives  both 
a  monomethylhydrazone  and  a  bis-dimethylhydrazone.  We  explained  this  difference  in  the  behavior  of  cyclic 
and  aliphatic  1,3 -diketones  when  reacted  with  hydrazine  and  dimethylhydrazine  on  the  basis  of  the  different  struc¬ 
ture  of  the  initial  diketones  and  the  steric  hindrances  arising  in  the  case  of  the  formation  of  cyclic  hydrazones. 

In  order  to  extend  the  above-mentioned  considerations  it  was  of  interest  to  compare  the  behavior  of  aliphatic 
and  aliphatic -aromatic  1,3 -diketones  in  reactions  with  hydrazine  and  substituted  hydrazines.  For  this  comparative 
investigation  we  used  acetylacetone  and  dibenzoylmethane,  as  being  the  simplest  representatives  of  aliphatic  and 
aliphatic -aromatic  1,3 -diketones.  As  a  rough  qualitative  hypothesis  we  assumed  that  in  dibenzoylmethane  mono- 
dimethylhydrazone  the  two  phenyl  groups  and  the  radical  of  the  molecule  of  substituted  hydrazine  which  has  re¬ 
acted  with  the  first  carbonyl  group  would  hinder  the  approach  of  the  second  molecule  of  substituted  hydrazine  to 
the  second  carbonyl  group  of  dibenzoylmethane.  In  accordance  with  these  considerations  it  would  be  expected 
that  with  substituted  hydrazines  acet)iacetone  would  give  both  mono-  and  dihydrazones  while  dibenzoylmethane 
would  only  give  monohydrazones.  The  possibility  of  closure  of  the  pryrazole  ring  is  eliminated  in  this  instance 
because  of  the  absence  in  substituted  hydrazine  molecules  of  active  hydrogen  atoms  which  could  be  liberated  in 
the  form  of  water  with  the  oxygen  of  the  carbonyl  group  of  dibenzoylmethane. 


Reagent  used 

Reaction  Products* 

With  acetylacetone 

With  dibenzoylmethane 

Hydrazine  hydrate 

3,5 -Dimethyl pyrazole  [2],  mono¬ 
hydrazone  hydrate 

3,5-Diphenylpyrazole  [3] 

Dimethylhydrazine 

Monodimethylhydrazone,  bis- 
-di  methylhydraz  one 

Monodimethylhydrazone 

Acethydrazide 

Diacethydrazone 

Monoacethydrazone 

Semicarbazide 

Carboamidopyrazole  [4],  disemi- 
carbazone 

Carboamidopyrazole  [4], 
monosemicarbazone  [5] 

4-Nitrophenylhydrazine 

1,3,5 -Substituted  pyrazole  [6] 

Unknown 

2,4-Dinitrophenylhydrazine 

1 

Mono-  and  bis-2,4-dinitro- 
phenylhydrazone  [7] 

Mono  -2 ,4  -d  initrophe  nylhy  draz  one 

•  Substances  without  literature  references  were  obtained  by  us  for  the  first  time. 
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methylhydrazone  of  dibenzoylmethane  was  heated  with  2  g  of  hydrazine  hydrate  at  150*  for  2,5  hours.  When  heated 
the  hydrazone  formed  first  dissolved  in  the  hydrazine  hydrate,  then  white  crystals  were  precipitated;  these  were  re- 
crystallized  from  ethyl  alcohol.  The  crystals  obtained  were  in  the  form  of  plates.  The  m.p.  was  199-200*.  A 
mixed  melt  of  a  sample  of  the  crystals  with  2,5 -dimethyl pyrazole  showed  no  depression  of  the  melting  point. 

Found  ‘7o;  N  13.00,  12,93.  C15H12N2,  Calculated  N  12.73. 
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SUMMARY 


1.  The  diacethydrazone  and  dlsemlcarbazone  of  acetylacetone,  the  monodimethylhydrazone,  monoacethy- 
drazone  and  mono-2, 4-dinitrophenylhydrazone  of  dibenzoylmethane  were  synthesized  and  characterized  for  the 
first  time. 

2.  It  was  found  that  dibenzoylmethane  gives  only  monhydrazones  with  the  substituted  hydrazines  listed  above 
and  does  not  give  dihydrazones. 

3.  It  was  shown  that  when  heated  with  hydrazine  hydrate  the  monodimethylhydrazone  of  dibenzoylmethane 
gives  3,5-dimethylpyrazole. 

4.  An  attempt  was  made  to  explain  the  facts  obtained  in  accordance  with  theories  of  steric  hindrance. 
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SYNTHESIS  OF  w  -  A  MIN  O  C  A  RBOX  Y  L I C  ACIDS  FROM 


a.a.a.w-TETRACHLOROALKANES 

A.  N.  Nesmeyanov,  R.  Kh.  Freidlina,- L.  I.  Zakharkin, 

E.  I.  Vasilyeva,  V.  N,  Kost  and  T.  T.  Vasilyeva 

ut-Aminocarboxylicacids  are  of  great  interest  for  the  preparation  of  polyamide  fiber.  Only  the  lactam  of 
U)-aminocaproic  acid  and  u-aminoundecanoic  acid  have,  however,  found  practical  application.  Until  recently 
other  amino  acids  of  this  type,  containing  more  than  6  carbon  atoms  in  the  molecule,  were  found  to  be  difficult 
to  obtain.  The  present  article  describes  methods  of  synthesizing  a  number  of  (u-aminocarboxylic  acids  from  easily- 
obtainable  tetrachloroalkanes,  with  the  structure  ca3(CH2CH2)nCl,  which  may  be  obtained  by  polymerization  of 
ethylene  and  carbon  tetrachloride. 

cu-Aminocarboxylic  acids  with  an  odd  number  of  carbon  atoms  in  the  molecule  may  be  obtained  from  tetrar 
chloroalkanes  in  two  stages  according  to  systems  1  or  2. 

1)  Cl(CH2CH2)»CCl3  — ►  CUCHaCHalnCOgH  — >  NH2(CH2CH2)„C02H 

2)  Cl(CH2CH2),CCl3  — »•  NH2(CH2CH2)«CCl3 — ►  NH2(CH2CH2),C02H 

The  study  of  these  reactions  showed  that  the  first  method  has  advantages  over  the  second.  The  disadvantages 
of  the  second  method  include  the  instability  of  a,a,a-trichloro-(j-aminoalkanes  which  become  tarry  when  kept 
for  a  short  time  and,  in  addition,  the  necessity  of  carrying  out  ammonolysis  in  the  medium  of  an  organic  solvent. 
High  yields  of  amino  acids  with  7,  9  and  11  carbon  atoms  were  obtained  by  method  1. 

The  lower  tetrachloroalkanes  with  3  to  11  carbon  atoms  are  hydrolyzed  by  concentrated  sulfuric  acid  when 
heated,  giving  a  good  yield  of  the  corresponding  w-chlorocarboxylic  acids  [1  -  3].  To  hydrolyze  higher  compounds 
having  this  structure  considerably  more  rigid  conditions  are  required,  as  a  result  of  which  secondary  processes  take 
place  and  the  yield  of  the  acids  falls  [3].  To  hydrolyze  the  trichloromethyl  group  in  this  instance  the  best  results 
are  obtained  by  heating  with  nitric  acid  (d  1.51-1.52)  at  50-60*  [4]. 

Hydrolysis  with  perchloric  acid  [5]  can  be  of  value  for  preparing  acids  containing  an  aromatic  ring  because 
when  concentrated  sulfuric  or  fuming  nitric  acid  is  used  the  reaction  is  frequently  complicated  by  sulfonation  or 
nitration  of  the  ring. 

The  ammonolysis  of  w-haloidcarboxylic  acids  is  generally  carried  out  by  infusing  with  ammonia  for  a  period 
of  several  days.  For  example,  according  to  a  patent  [6]  the  ammonolysis  of  9-haloidnonanoic  acid  is  carried  out 
by  the  action  of  25  %  ammonia  at  0-25*  for  6-20  days.  We  found  that  the  higher  w-chlorocarboxylic  acids  react 
very  rapidly  with  aqueous  25*55)  ammonia  when  heated  to  100*.  The  only  by-products  formed  during  the  ammono¬ 
lysis  of  ai-chlorocarboxylic  acids  are  iminodicarboxylic  acids  HN[  (CH2)nCCX)H]2.  The  addition  of  ammonium 
salts  [NH4CI,  NH4NOJ,  (NH4)2C03,  NH4HCO3]  to  the  reaction  mixture  leads  to  an  increase  in  the  yield  of  a>-amino- 
carboxylic  acids.  An  increase  in  the  relative  amount  of  25  %  ammonia  also  leads  to  a  reduction  in  the  iminodicar¬ 
boxylic  acid  content  in  the  reaction  product;  with  a  60-fold  excess  of  ammonia  the  amount  of  imino  acid  formed 
is  very  slight. 

The  isolation  [7]  of  the  amino  acids  from  the  ammonium  chloride  was  carried  out  by  means  of  the  Soviet- 
made  SBS  [8],  SDV  [8]  and  KU-2  ion -exchange  resins. 
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New  polyamide  fibers,  called  "Enant"  and  "Pelargon*  [9,  10],  were  obtained  from  w-aminoenanthic  and 
(<;-aminopelargonic  acids,  synthesized  by  this  method. 

Only  a  low  yield  of  6 -aminovalerianic  acid  is  obtained  by  the  ammonolysis  of  6 -chlorovalerianic  acid. 
When  heated  to  230-250*  chlorovalerianic  acid  and  liquid  ammonia  give  oe-piperidone  [11].  oc-Piperidone  is 
also  obtained  by  heating  ethyl  6 -chlorovalerianate  with  an  alcoholic  solution  of  ammonia  at  120-140*. 

The  synthesis  of  w-aminocarboxylic  acids  with  an  even  number  of  carbon  atoms  in  the  molecule  may  be 
carried  out  according  to  system  3: 

3)  ClCCHgCHalnCCla  — ►  CNiCHaCHjlHCCI., - ►  NHaCHaCCHgCHaUCCIs  — *> 

- ►  NH-jCHaCCHaCHalwCOaH 


This  method  presents  definite  difficulties  during  the  reduction  stage  of  the  cyanotrichloroalkanes  since  the 
CCI3  group  is  also  partially  involved  in  the  reaction. 

8-Aminooctanoic  and  10-aminodecanoic  acid  were  obtained  according  to  system  4. 

4)  CUCH2CH2)„CH2CH=CCl2  — »  CN(CH2CH2)*CH2CH=CCl2  — ► 

— ►  NH2CH2(CH2CH2),CH2CH=CCl2  — ►  NH2(CH2CH2)„+iCH2C02H 

Trichloroalkenes  were  obtained  by  catalytic  dehydrochlorination  in  the  presence  of  ferric  chloride  [12].  In 
the  examine  of  1,1,1,9-tetrachlorononane  we  found  that  dehydrochlorination  of  the  higher  tetrachloroalkanes  in 
the  presence  of  antimony  pentachloride  gives  the  best  yields.*  The  introduction  of  a  nitro  group  was  carried  out 
in  a  medium  of  methyl  cellosolve.  The  cyanodichloroalkenes  were  reduced  by  the  action  of  equimolecular  amounts 
of  lithium  aluminum  hydride.  The  aminodichloroalkenes  were  hydrolyzed  by  heating  with  concentrated  sulfuric 
acid.  All  these  processes  give  a  high  yield  of  the  products. 

As  was  shown  earlier  [3],  8-aminooctanoic  acid  can  also  be  obtained  from  7-chloroheptanoic  acid  according 
to  system  5: 


5)  Cl(CH2CH2)3CCl3  — C1(CH2CH2)3C02H  — ►  CN(CH2CH2)3C02H  — ► 

- >  NH2(CH2)7C02H 


EXPERIMENTAL 

g-Piperidone.  a)  From  6-chlorovalerianic  acid.  50  g  of  6-chlorovalerianic  acid  and  40  ml  of  liquid 
ammonia  were  heated  in  a  rotary  autoclave  for  10  hours  at  230-250*.  After  removal  of  the  excess  ammonia  the 
residue  was  treated  with  dichloroethane  to  dissolve  the  a-piperidone.  The  ammonium  chloride  was  filtered  off 
from  the  soluticxi  and  after  distillation  of  the  solvent  the  residue  was  distilled  under  vacuum.  34.5  g  (93  %)  of 
a-piperidone  was  obtained;  the  b.p.  was  128-130*  at  10  mm,  the  m.p.  was  39-40*.  Data  in  literature  give  the 
m.p.  as  39-40*. 

b)  From  ethyl  6 -chlorovalerianate.  A  solution  of  45  g  of  ethyl  6 -chlorovalerianate  and  13  g  of  ammonia 
in  90  ml  of  ethyl  alcohol  was  heated  in  an  autoclave  for  3  hours  at  120-140*.  The  product  was  isolated  as  described 
above.  32.2  g  (86  %)  of  a-piperidone  was  obtained. 

w-Aminoenanthic  acid,  a)  50  g  of  chloroenanthic  acid  in  500  ml  of  25  %  ammonia  water  containing  114 
g  of  ammonia  (22  moles  per  mole  of  chloro  acid)  was  placed  in  a  600  ml  stainless  steel  autoclave.  The  autoclave 
was  heated  for  2  hours  at  100*.  After  evaporation  of  the  ammonia  the  solution  passed  through  a  column  containing 
a  cation  exchange  resin.  The  resin  was  washed  out  from  the  chloride  ion  water  and  the  amino  acid  was  eluted 
with  a  5  solution  of  ammonia.  The  resin  was  regenerated  with  a  6  %  hydrochloric  acid  solution.  The  eluate  was 
evaporated  to  dryness.  40  g  of  dry  residue  was  obtained,  treated  with  40  ml  of  cold  water  and  then  filtered  from 
the  undissolved  iminoenanthic  acid  (4.3  g,  10  %).  After  the  filtrate  had  been  decolorized  by  boiling  with  activated 
carbon  it  was  evaporated  and  the  aminoenanthic  acid  was  crystallized  from  aqueous  alcohol.  The  yield  of  (J-amino- 
enanthic  acid  with  an  m.p.  of  190-191*  was  31.8  g  (72  %).  A  further  1.4  g  of  amino  acid  was  obtained  from  the 
mother  liquor. 

•  The  dehydrochlorination  of  the  lower  tetrachloroalkanes  by  means  of  SbQs  was  developed  by  N.  A.  Semenov. 
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b)  Under  similar  conditions  12.9  g  of  dry  residue  was  obtained  from  15  g  of  chloro  acid  and  450  ml  of  25*?fc 
ammonia  solution  (62  moles  per  mole  of  chloro  acid).  After  treatment  as  described  in  the  previous  experiment 
11.3  g  (86  °Jo)  of  (U-aminoenanthic  acid  with  an  m.p.  of  190-191*  and  6  ‘Jtof  crude  iminodienanthic  acid  were  ob¬ 
tained. 

c)  25  g  of  chloroenanthic  acid,  250  ml  of  25  %  ammonia  solution  (22  moles  per  mole  of  chloro  acid)  and 
58  g  of  ammonium  carbonate  (4  moles  pet  mole  of  chloro  acid)  heated  at  55-60*  for  4  hours  gave  20.6  g  of  dry 
residue  from  which  17.6  g  (80  %)  of  aminoenanthic  acid  with  an  m.p.  of  188-189*  and  5  of  iminodienanthic  acid 
were  isolated.  A  further  1.1  g  of  aminoenanthic  acid  with  an  m.p.  of  175-180*  was  obtained  from  the  mother 
liquor. 

After  repeated  recystallization  from  aqueous  alcohol  the  cu -aminoenanthic  acid  melted  at  194-195*.  Data 
in  literature  [14]  give  the  m.p.  as  195*. 

Found  N  9.82,  9.90.  CtHijOjN.  Calculated  loi  N  9.65. 

(u -Aminoenanthic  acid  is  a  white  crystalline  substance  readily  soluble  in  water  and  insoluble  in  alcohol, 
acetone  and  other  usual  organic  solvents.  The  primary  amino  group  in  the  acid  was  determined  by  Van-Sleyk's 
method;  for  this  purpose  only  a  slightly  longer  period  of  reaction  with  nitric  acid  (5-6  minutes)  than  that  used 
for  determining  the  amino  group  in  a -amino  acids  is  necessary.  The  amino  group  was  determined  qualitatively 
by  reacting  with  ninhydrin  under  usual  conditions.  The  chlorohydrate  of  CJ -aminoenanthic  acid  melted  at  99-100* 
(from  a  mixture  of  alcohol  and  ether).  Data  in  literature  [15]  give  the  m.p.  as  97-99*. 

cu-Aminopelargonic  aci(L14.8  g  (82.5  %)  of  9-aminononanoic  acid  with  an  m.p.  of  185-186*  and  1.5  g  (8.5 
%)  of  iminodipelargonic  acid  were  obtained  from  20  g  of  9-chlorononanoic  acid  and  500  ml  of  25  aqueous  am¬ 
monia  (60  moles  per  mole  of  chloro  acid)  by  heating  for  1  hour  at  100*  with  subsequent  treatment  of  the  reaction 
mixture  as  described  in  the  case  of  aminoenanthic  acid.  After  the  amino  acid  had  been  recrystallized  once  from 
water  it  melted  at  189-190*.  cj-Aminopelargonic  acid  is  a  white  crystalline  substance  soluble  in  hot  water  but 
insoluble  in  the  usual  organic  solvents.  The  methods  for  the  quantitative  and  qualitative  determination  of  the 
amino  group  mentioned  for  cu -aminoenanthic  acid  are  also  applicable  for  lu-aminopelargonic  acid. 

Found  'loi  N  7.91,  7.86  (by  Van-Sleyk’s  method).  CgHjgOjN.  Calculated  °ht  N  8.09. 

11-Aminoundecanoic  acid.  The  ammonolysis  of  11-chloroundecanoic  acid  was  carried  out  in  glass  ampoules. 
A  solution  ot  14  g  of  11-chloroundecanoic  acid  in  a  40 -fold  excess  of  40  %  aqueous  ammonia  was  left  in  a  sealed 
ampoule  for  48  hours  at  room  temperature.  The  precipitated  aminoundecanoic  acid  was  filtered,  washed  with 
water  to  remove  ammonium  chloride  and  recrystallized.  The  amino  acid  melted  at  185-186*.  Data  in  literature 
[14]  give  the  m.p.  as  186-187*. 

1.1- Dichloro-6-amino-l-hexene.  A  solution  of  32.8  g  (0.2  mole)  of  l,l-dichloro-5-cyano-l-pentene  in  2 
200  ml  of  absolute  ether  was  added  dropwise  to  210  ml  of  a  1 -molar  solution  of  lithium  aluminum  hydride  in  ether. 
The  reaction  mixture  was  stirred  for  a  further  1  hour  at  room  temperature  and  then  carefully  decomposed  with 
water.  After  200  ml  of  6  N  sulfuric  acid  had  been  added  (to  dissolve  the  aluminum  hydroxide)  the  reaction  mix¬ 
ture  separated  into  three  layers.  Both  the  lower  layers  were  treated  with  alkali  until  they  gave  a  strongly  alkaline 
reaction.  The  precipitated  amine  was  extracted  with  ether  and  dried  over  potash.  After  evaporation  of  the  solvent 
and  distillation  under  vacuum  30.6  g  (91  °]o)  of  l,l-dichloro-6-amino-l-hexene  was  obtained: 

b.p.  81-82*  at  6  mm,  ng  1.4868,  df  1.1336.  Data  in  literature  [16]:  b.p.  83-84*  at  6  mm,  ng  1.4865, 

df  1.1331. 

The  N-j^thalyl  derivative  had  an  m.p.  of  57-58*  (from  alcohol). 

Found  loi  C  56.44,  56.26;  H  4.45,  4.43;  a  23.40,  23.38.  CwHtjOjNai.  Calculated  °hi  C  56.39;  H  4.49; 

Cl  23.70. 

1.1- Dichloro-8-amino-l-octene.  The  experiment  was  carried  out  in  a  similar  manner  to  the  previous  ex¬ 
periment.  17.8  g  (91  %)  of  l,l-dichloro-8-amino-l-octene  was  obtained  from  19.2  g  (0.1  mole)  of  1,1-dichloro- 
-7-cyano-l-heptene  in  100  ml  of  absolute  ether  and  105  ml  of  a  1-molar  solution  of  lithium  aluminum  hydride 
in  ether: 

b.p.  72*  at  1.5  mm,  ng  1.4840,  df  1.0765,  MR  52.12;  Calc.  51.84 
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Found  C  48.79,  48.94;  H  7.80,  7.72;  N  7.23,  7.15.  CgH^Naj.  Calculated  C  48.98;  H  7.71;  N  7.14. 

The  N-phthalyl  derivative  had  an  m.p.  of  51-52“  (from  alcohol). 

Found  C  58.63.  58.60;  H  5.32,  5.27.  CjeHiTOgNa,.  Calculated  C  58.89;  H  5.25. 

8-Aminooctanoic  acid.  35  g  of  l,l-dichloro-8-amino-l-octene  was  added  with  stirring  to  200  g  of  sulfuric 
acid  (d  1.82).  Hydrolysis  commenced  immediately  and  proceeded  with  evolution  of  heat.  To  complete  the  re¬ 
action  the  solution  was  heated  for  30  minutes  at  60-65*.  The  reaction  mixture  was  poured  on  to  ice  and  part  of 
the  sulfuric  acid  was  precipitated  with  barium  oxide  (31  g  of  barium  oxide  was  added).  The  precipitate  was  fil¬ 
tered  and  washed  with  water  until  no  qualitative  reaction  with  ninhydrin  was  obtained.  The  filtrate  was  neutralized 
with  25  ^  ammonia.  The  isolation  of  the  amino  acid  was  carried  out  by  means  of  a  KU-2  cation  exchange  resin, 
as  described  above.  The  yield  of  8-aminooctanoic  acid  was  24.5  g  (86  1o),  the  m.p.  was  190*.  Alter  it  had  been 
recrystallized  from  water  the  m.p.  was  192-192.5“.  Data  in  literature  [3]  give  the  m.p.  of  8-aminooctanoic  acid 
as  187-188“. 

Found  %  C  60.57,  60.41;  H  10.58,  10.91.  CjHitOjN.  Calculated  C  60.36;  H  10.76. 

1,1,9-Trichloro-l-nonene.  20  ml  of  antimony  pentachloride  was  added  in  stages  to  320  g  of  1,1,1,9-tetra- 
chlorononane  with  stirring  at  a  temperature  of  80“.  To  complete  the  reaction  the  temperature  was  raised  to  100“. 
The  reaction  mixture  was  dissolved  in  chloroform  and  washed  free  from  antimony  salts  with  hydrochloric  acid  and 
water.  The  chloroform  solution  was  dried  over  CaClj  and  the  chloroform  was  evaporated  off.  After  distillation 
under  vacuum  230  g  (82  ’lo)  of  1,1,9 -trichloro-l-nonene  was  obtained: 

b.p.  92“  at  1.5  mm,  n^  1.4836,  dj®  1.1338.  Data  in  literature  [12]:  b.p.  91-92“  at  1.5  mm,  np  1.4834; 

df  1.1342. 

1, 1  -Dichloro -9 -cyano - 1  -nonene .  65  g  of  trichlorononene,  a  solution  of  20.5  g  of  sodium  cyanide  in  50  ml 
of  water  and  200  ml  of  methyl  cellosolve  were  heated  with  stirring  for  12  hours  at  120“.  The  methyl  cellosolve 
was  then  distilled  off  and  water  added  to  the  residue  to  dissolve  the  salts.  The  oil  which  was  precipitated  was  ex¬ 
tracted  with  chloroform.  The  chloroform  solution  was  washed  twice  with  water  and  dried  over  calcium  chloride. 
After  distillation  under  vacuum  51  g  (90  %  of  dichlorocyanononene  was  obtained: 

b.p.  122-123“  at  2  mm,  n”  1.4777,  dj®  1.0864,  MR  57.33;  Calc.  57.46. 

Found  ‘fe  C  54.43,  54.27;  H  6.82,  6.80.  CioH^Nag.  Calculated  %:  C  54.54;  H  6.87. 

1,1-Dichloro-lO-amino-l-decene.  The  experiment  was  carried  out  in  the  same  way  as  that  for  the  prepa¬ 
ration  of  l,l-dichloro-8-amino-l-octene.  19.3  g  (87  %)  of  1,1-dichloro-lO-amino-l-decene  was  obtained  after 
appropriate  treatment  and  distillation  under  vacuum  from  22  g  (0.1  mole)  of  l,l-dichloro-9-cyanononene  and 
105  ml  of  a  1-molar  solution  of  lithium  aluminum  hydride  in  ether: 

b.p.  97-98“  at  1.5  mm,  ng  1.4820;  d*®  1.0425,  MR  61.30;  Calc.  61.08. 

Found  %:  C  53.45,  53.54;  H  8.56,  8.66;  Q  31.29,  31.35.  CioHuNa*.  Calculated  °]oi  C  53.57;  H  8.54; 

a  31.63. 

10-Aminodecanoic  acid.  A  solution  of  34g  of  1,1-dichloto-lO-amino-l-decene  in  200  g  of  sulfuric  acid 
(d  1.82)  was  heated  with  stirring  for  45  minutes.  The  isolation  of  the  acid  was  carried  out  in  the  same  way  as 
that  described  for  8-aminooctanoic  acid.  23  g  (84  °]o)  of  aminodecanoic  acid  with  an  m.p.  of  188“  was  obtained. 
After  it  had  been  re  crystallized  from  water  the  m.p.  was  189.5-190“.  Data  in  literature  [17]  give  the  m.p.  as 
187-188“. 

Found  <551;  C  64.06,  64.10;  H  11.24,  11.25.  CioHjiOgN.  Calculated  C  64.15;  H  11.30. 
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INVESTIGATION  OF  HYDROXYDIHYDROFURA  N  S 

VI.  THE  REACTION  OF  5,5-DIMETHYL-2,4-DIPHENYL-2-HYDROXY-2,5-DIHYDROFURAN 
WITH  2,4-DINITROPHENYLHYDRAZINE 

E.  D.  Venus-Danilova,  L.  A.  Pavlova  and  A.  Fabritsy 


From  literature  it  is  known  that  acetylene  a-glycol  —  unsymm.  dimethyl -j^ienyl-phenylacetylenyl -ethylene 
glycol  (2-methyl -3,5-diphenyl -4-pentin-2,3-diol)  (I)  —  is,  when  heated  with  acids,  converted  to  the  isomeric 
5,5-dimethyl-2,4-diphenyl-2-hydroxy-2,5-dihydrofuran  (II)  [1-3],  which  can  change  to  the  tautomeric  form 
—  ethylene  y  -keto-alcdiol  —  2-methyl -3,5-diphenyl -3-penten-2-ol-5-one  (HI).  The  fact  that  a  semicarbazone 
and  a  phenylhydrazone  are  obuined  from  hydroxydihydrofuran  in  the  presence  of  a  few  drops  of  concentrated 
acetic  acid  and  that  the  product  of  the  dehydration  of  the  ethylene  y-ke  to -alcohol  (III)~-  2-methyl -3,5-diphenyl- 
-l,3-pentadiene-5-one  (IV)  [4]  —  can  be  isolated  from  the  acid  reaction  mixture  obtained  by  the  isomerization 
of  unsymm.  dimethyl -phenyl -phenylacetylenyl -ethylene  glycol  (I)  is  proof  of  the  formation  of  the  ethylene  y- 
-keto-alcohol. 

It  was  not  possible  to  isolate  the  corresponding  ethylene  y -keto -alcohol  of  the  above-mentioned  hydroxydi¬ 
hydrofuran  but  by  the  action  of  sulfuric  acid  on  unsymm.  dimethyl -phenyl -teniary  butylacetylenyl -ethylene 
glycol  [5]  both  tautomeric  forms  were  isolated  and  their  mutual  conversions  were  proven. 

As  was  recently  shown  by  A.  Fabritsy  [3,  6],  by  the  action  of  various  mercury  salts  on  2-methyl-3,5-diphenyl- 
-4-pentin-2,3-diol  (I)  a  mixture  of  mercury-conuining  products,  free  hydroxydihydrofuran  (II)  and  Its  complexes 
with  mercury  salts  are  obtained.  Since  it  was  difficult  to  isolate  pure  hydroxydihydrofuran  from  these  mixtures 
the  idea  arose  of  isolating  or  detecting  hydroxydihydrofuran  in  the  form  of  a  carboxylic  derivative,  taking  advant¬ 
age  of  the  fact  that  in  an  acid  medium  hydroxydihydrofuran  can  react  like  an  unsaturated  y -keto -alcohol  [2]. 
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Semicarbazone  - 
phenylhydrazone 


We  decided  on  2,4-dinitrophenylhydrazine  as  the  most  active  reagent  for  the  carboxylic  group  since  semi- 
carbazide  and  phenylhydrazine  give  the  corresponding  derivatives  only  with  pure  hydroxydihydrofuran  and  show 
only  a  very  weak  reaction  to  it  In  mixtures. 

When  experiments  were  conducted  to  obtain  a  2,4-dinitrophenylhydrazone  from  5,5-dimethyl-2,4-dIphenyl- 
-2 -hydroxy -2,5 -dihydrofuran  it  was  found  that  different  products  of  the  reaction  of  hydroxydihydrofuran  (II) 
with  2,4-dinitrophenylhydrazine  are  obtained,  depending  on  the  experimental  conditions. 

For  example,  when  an  alcoholic  solution  of  2,4-dinitrophenylhydrazine,  containing  sulfuric  acid,  was  allowed 
to  act  on  an  alcoholic  solution  of  hydroxydihydrofuran  a  bright-yellow  substance  which  filled  the  whole  volume 
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of  the  liquid  was  formed  at  once.  When  washed  with  water  or  aqueous  alcohol  the  yellow  needles  were  converted 
into  an  orange  powder  and  a  considerable  amount  of  sulfuric  acid  was  found  in  the  wash  water.  The  orange  powder 
was  converted  into  the  bright -yellow  substance  again  by  the  action  of  an  alcoholic -aqueous  solution  of  sulfuric 
acid.  A  full  ultimate  analysis  of  the  orange  substance  showed  that  it  had  the  empirical  formula  CsoHjjOgNjfVI), 
i.e.,  it  contained  two  2,4-dinitrophenylhydrazine  groups  per  molecule  of  initial  substance  and  was  evidently  the 
2,4-dinitrophenylhydrazino-hydrazone  of  the  ethylene  y-keto -alcohol  (III).  From  the  analytical  data  the  bright- 
yellow  substance  corresponded  to  the  salt  of  this  hydrazino-hydrazone,  containing  two  molecules  of  sulfuric  acid 
per  molecule  of  hydrazino-hydrazone 

C30H28O9N8  •  2H2SO4,  (C3oH320x7NgS2)  (V,  V-a), 

To  avoid  the  formation  of  2,4-dinitrophenylhydrazino-hydrazone  sulfate, experiments  on  the  reaction  of 
hydroxydihydrofuran  (II)  with  2,4-dinitrophenylhydrazine  were  carried  out  in  an  alcoholic  medium  in  the  presence 
of  a  small  quantity  of  hydrochloric  and  acetic  acids. 

In  the  first  instance  a  dark-yellow  dense  crystalline  precipitate  was  rapidly  formed;  this  had  the  empirical 
formula  C24H2205N4  (VII),  i.e.,  the  product  contained  one  2,4-dinitrophenylhydrazine  group  per  molecule  of  ini¬ 
tial  hydroxydihydrofuran. 

When  an  excess  of  a  saturated  solution  of  2,4- dinitrophenylhyrazine  in  75  %  acetic  acid  was  allowed  to  act 
on  an  alcoholic  solution  or  an  acetic-acid  solution  of  hydroxydihydrofuran,  fine  yellow  lustrous  crystals  having, 
like  substance  (VI),  the  empirical  formula  C3oH2g09Ng  were  precipitated  within  a  day.  This  product  had  different 
properties,  however,  from  product  (VI),  obtained  by  the  hydrolysis  of  2,4-dinitrophenylhydrazino-hydrazone  sul¬ 
fate  (V). 

On  the  basis  of  a  number  of  experiments  it  was  established  that  the  products  of  the  reaction  of  hydroxydi¬ 
hydrofuran  (II)  with  2,4-dinitrophenylhydrazine  are  partially  mutually  convertible.  For  example,  the  yellow  2,4- 
-dinitrophenylhydrazino-hydrazone  (VIII)  obtained  in  the  presence  of  acetic  acid  is  converted  on  boiling  with 
glacial  acetic  acid  into  the  dark -yellow  2,4-dinitrophenylhydrazone  (VII),  splitting  off  2,4-dinitrophenylhydrazine 
and  when  acted  on  by  an  alcoholic  solution  of  sulfuric  acid  forms  the  bright -yellow  salt  of  2,4-dinitrophenylhydra- 
zino-hydrazone  (V,  Va).  This  same  salt  is  obtained  by  heating  the  2,4-dinittophenylhydrazone  (VII)  with  an  alco¬ 
holic  solution  of  2,4-dinitroirfienylhydrazine  sulfate. 

When  re  crystallized  from  glacial  acetic  acid  or  ethyl  alcohol  the  orange  2,4-dinitrophenylhydrazino-hy- 
drazone  (VI)  splits  off  2,4-dinitrophenylhydrazine  and  forms  the  2,4-dinitrophenylhydrazone  (VII). 

As  regards  the  structure  of  the  substances  obtained  it  may  be  considered  as  established  that  the  dark-yellow 
product  containing  one  2,4-dinitrophenylhydrazine  group  has  the  structure  of  the  normal  2,4-dinitrophenylhydra¬ 
zone  (VII)  and  not  that  of  the  isomeric  pyrazoline.  The  substance  does  not  give  Knorr’s  characteristic  color  re¬ 
action  for  pyrazoline  [7]  and  when  reduced  with  stannous  chloride  in  the  presence  of  hydrochloric  acid  gives  1,2,4- 
-triaminobenzene.  The  conversion  to  the  hydrazino-hydrazone  sulfate  when  boiled  with  an  alcoholic  solution  of 
the  2,4-dinitrophenylhydrazine  sulfate  confirms  the  normal  structure  of  the  hydrazone.  In  this  process  product 
(VII)  is  evidently  hydrolyzed  to  the  ethylene  y  -keto-alcohol  and  the  2,4-dinitrophenylhydrazino-hydrazone  sulfate, 
which  is  usually  obtained  under  these  conditions,  is  then  formed.  This  structure  of  the  product  is  also  confirmed 
by  data  in  literature.  It  is  known  that  p-nitro-  and  2,4 -dinitrophenylhydraz ones  of  unsaturated  ketones  are  not 
converted  into  pyrazolines  [8]. 

The  yellow  substance  (VIII)  obtained  from  hydroxydihydrofuran  in  a  medium  of  acetic  acid  and  the  orange 
substance  (VI)  —  the  hydrolysis  product  of  the  sulfate  —  are  two  isomeric  2,4-dinitro|rfienylhydrazino-hydrazones. 

As  a  result  of  the  interaction  of  the  tautomeric  forms  both  substances  form  hydroxydihydrofuran  (H)  with  two 
molecules  of  2,4-dinitrophenylhydrazine,  one  molecule  of  2,4-dinitrophenylhydrazine  being  added  at  the  double 
bond  and  the  other  reacting  with  the  carboxylic  group.  It  was  not  possible  to  obtain  direct  conversions  of  these 
substances.  The  yellow  and  the  orange  product  evidently  have  a  different  stereochemical  structure. 

From  literature  it  is  known  that  a,  8-unsaturated  ketones  can  add  reagents  at  the  double -bond  carbonyl  group: 
for  example,  the  addition  of  semicarbazide  [9],  hydroxylamine  and  methoxyhydroxylamine  [10],  and  phenylhy- 
drazine  [11]  at  the  multiple  bonds  of  ethylene  and  acetylene  ketones. 

It  was  shown  above  that  from  analytical  data  the  2,4-diniuophenylhydrazino-hydrazone  sulfate  contains  two 
molecules  of  sulfuric  acid. 
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It  may  be  assumed  that  hydrazino-hydrazones  form  a  salt  In  the  tautomeric  form  (Va),  in  which  there  are 
two  identical  salt -forming  groups. 

All  the  substances  we  obtained  are  shown  together  with  their  mutual  conversions  in  the  system  below. 
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R  =  (CHj)tCOH  ;  R'=  CjHj  CN0g)i  }  DNPH  =  NH jHHCeHjCNO,), 


EXPERIMENTAL 

1.  The  Reaction  of  5 ,5 -Dime t hyl -2 ,4  - di phe ny  1  - 2 -hy droxy  - 2 , 5  - d ihy  d rof ur an  with 
2,4-Dinitrophenylhydrazine  in  the  Presence  of  Sulfuric  Acid. 

1st  Experiment.  A  srdution  of  0.4  g  of  2,4-dinitrophenylhydrazine,  2  ml  of  sulfuric  acid  (d  1.84),  3  ml  of 
water  and  10  ml  of  ethyl  alcohol  was  added  to  a  solution  of  0.4  g  of  hydroxydihydrofuran  (m.p.  101*)  in  10  ml 
of  ethyl  alcdiol  [12].  After  1-2  minutes  spherical  clusters  of  fine  yellow  crystals  began  to  appear  in  the  transpa¬ 
rent  yellow  solution  and  after  5  minutes  the  entire  contents  of  the  flask  solidified  into  a  pale -yellow  dense  mass. 
After  2  hours  the  substance  obtained  was  filtered  and  washed  with  dilute  alcohol  and  then  with  water.*^  As  a  result 
the  bright -yellow  precipitate  was  reduced  in  volume,  made  darker  and  converted  into  an  orange  product.  The 
washing  of  the  precipitate  was  continued  until  the  wash  water  gave  a  negative  reaction  for  the  504"  ion;  this  re¬ 
quired  a  considerable  time  and  the  use  of  a  large  amount  of  water.  After  drying  in  a  vacuum  desiccator  over 
calcium  chloride  the  orange  substance  obtained  had  an  m.p.  of  156-157*  (decomp.). 

Found  C  55.54;  H  4.69;  N  17.49.  CjoHmOrNs.  Calculated  In  C  55.90;  H  4.35;  N  17.39. 

From  the  analytical  data  it  may  be  assumed  that  the  orange  substance  obtained  was  the  2,4-dinitrophenyl- 
hydrazino-hydrazone  of  2-methyl -3,5-dii^enyl-3-penten-2-ol-5-one  (VI). 

By  the  action  of  water  or,  better,  alcoholic -aqueous  sulfuric  acid  on  this  substance  it  was  converted  into  the 
initial  bright-yellow  subsunce.  When  the  orange  product  (temp,  decomp.  156-157*)  was  recrystallized  from  ethyl 
alcohol  with  the  addition  of  a  small  amount  of  ethyl  acetate  fine  dark -yellow  cubes  wi±  an  m.p.  of  167-168* 
(decomp.)  were  precipitated  and  an  orange -brown  substance  with  an  m.p.  of  188-191*  (decomp.)  settled  out  on 
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the  walls  of  the  beaker;  in  a  mixed  melt  with  2,4-dinitrophenylhydrazine  this  substance  showed  no  depression  of 
the  melting  point.  In  a  mixture  with  the  orange  substance  (VI)  the  dark -yellow  crystals  with  an  m.p.  of  167-168* 
(decomp.)  had  an  m.p.  of  148-151*. 

Found  C  64.51,  64.48;  H  5.28,  5.17;  N  12.90,  13.00.  C24H2JO5N4.  Calculated  %:  C  64.57;  H  4.93; 

N  12.56. 

From  the  analytical  data  the  substance  with  an  m.p.  of  167-168*  (decomp.)  corresponded  to  the  2,4-dinitro- 
phenylhydrazone  of  2-methyl -3, 5-diphenyl-3-penten-2-ol-5-one  (VII). 

A  similar  product  was  obtained  by  recrystallizing  the  orange  substance  from  glacial  acetic  acid.  The  pro¬ 
duct  had  an  m.p.  of  167-168*,  it  showed  no  depression  of  the  melting  point  in  a  mixed  melt  with  the  2,4-dinitro- 
phenylhydrazone  (VII)  but  showed  a  marked  depression  with  the  initial  substance. 

Found  N  12.72.  C24H2205N4.  Calculated  N  12.56. 

2nd  Experiment.  The  amounts  of  the  initial  substances  and  the  experimental  conditions  were  similar  to  ex¬ 
periment  1  except  that  the  bright -yellow  product  was  washed  several  times  with  anhydrous  alcohol  and  then  with 
absolute  ether.  After  drying  over  calcium  chloride  in  a  vacuum  desiccator  the  bright -yellow  substance  melted  at 
178-179*  (decomp.). 

Found  C  42.98,  42.71;  H  4.15,  4.12;  N  13.51,  13.07;  S  7.54,  7.86.  CsoHjjOiTNgSj.  Calculated  C 42.85; 

H  3.80;  N  13.33;  S  7.62. 

The  analytical  results  obtained  showed  that  the  bright-yellow  substance  which  was  formed  by  the  reaction 
of  hydroxydihydrofuran  with  2,4-dinitrophenylhydrazine  in  an  alcoholic  medium  in  the  presence  of  sulfuric  acid 
was  the  sulfate  of  2-methyl-3,5-dinitroirfienyl-3-penten-2-ol-5-one-2,4-dinitrophenylhydrazino-hydrazone  (Va). 

A  number  of  experiments  were  carried  out  on  the  reaction  of  hydroxydihydrofuran  with  2,4-dinitroi^enyl- 
hydrazine,  the  concentration  of  the  solution  of  the  initial  hydroxydihydrofuran  and  the  ratio  of  the  reacting  sub¬ 
stances  being  varied;  in  every  case  only  the  above -described  salt  was  obtained. 

2.  The  Reaction  of  5 , 5  -  Di  me  thy  1  -  2 , 4  -  d  i  phe  ny  1  -  2 -hy  d  r  oxy  -  2 , 5  -  d  ihy  d  rof  u  ra  n  with 
2,4 -Dinitrophenylhydrazine  in  the  Presence  of  Hydrochloric  Acid  [13] 

A  solution  of  2.5  g  of  2,4-dinitrophenylhydrazine  in  125  ml  of  alcohol  and  2.5  ml  of  hydrochloric  acid  (d 
1.19)  previously  heated  to  boiling  and  filtered  during  cooling  was  added  to  2.5  g  of  hydroxydihydrofuran  in  50  ml 
of  96  fo  ethyl  alcohol.  After  both  solutions  had  been  mixed  for  about  20  minutes  the  first  small  crystals  appeared 
and  a  dark-yellow  precipitate  was  rapidly  formed,  part  of  which  was  dried  in  air  and  part  washed  with  water  un¬ 
til  the  wash  water  gave  a  negative  reaction  for  the  chlorine  ion.  In  both  instances  the  substance  melted  at  167* 
(decomp.).  After  we  recrystallized  the  substance  from  alcohol  and  glacial  acetic  acid  no  change  in  the  melting 
point  was  found.  A  mixed  melt  with  the  2,4-dinitrophenylhydrazone  (VII)  obtained  by  recrystallizing  the  orange 
product  (VI)  showed  no  depression  of  the  melting  point.  Both  substances  had  identical  absorption  curves  in  the 
ultraviolet  region  (see  Fig.  1). 
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Fig.  1.  Absorption  spectrum  in  ethyl  alcohol.  Fig.  2.  Absorption  spectrum  of  the  hy- 

1)  2,4-dinitrophenylhydtazone  (VII).  drogen  sulfate  of  the  2,4-dinitrophenyl- 

2)  2,4-dinitroj^enylhydrazino-hydrazone  (VIII).  hydrazino-hydrazone  (Va)  in  ethyl  alcohol. 

The  yield  was  3.2  g  (76  assuming  the  substance  to  be  the  2,4-dinitrophenylhydrazone  of  2-methyl-3,5- 
-diphenyl-3-penten-2-ol-5-one  (VII). 
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Found  C  64,47,  64.42;  H  5.13,  5.24;  N  12.69.  C,4Hj205N4.  Calculated  C  64.57;  H  4.93;  N  12.56.  ! 

The  action  of  2,4-dinitrophenylhydrazine  on  the  2,4-dinitrophenylhydrazone  (VII).  A  small  amount  of  the 
hydrazone  was  dissolved  in  alcohol  with  heating,  a  solution  of  2,4-dinitrophenylhydrazine  prepared  in  the  usual  | 

manner  [12]  was  added  and  the  mixture  heated  for  several  minutes  to  boiling.  On  cooling,  a  bright -yellow  floe-  I 

culent  precipitate  was  formed  which  had  an  m.p.  of  174-177*,  showed  no  dejvession  of  the  melting  point  in  a  mixed  ^ 

melt  with  the  salt  of  the  2,4-dinitrophenylhydrazino-hydrazone  (Va)  and  had  the  same  absorption  curve  in  the  ultra-  I 

violet  region  as  product  (Va)  (see  Fig.  2).  i 

Found  C  40,65;  H  4.10;  N  12.86.  2H2SO4.  Calculated  C  42,85;  H  3.80;  N  13.33.  ^ 

Reduction  of  the  2,4-dinitrophenylhydrazone  (VII).  When  1.5  g  of  the  2,4-dinitrophenylhydrazone,  8  g  of 
SnClj  •  2H2O,  25  ml  of  hydrochloric  acid  (d  1.19)  and  25  ml  of  water  were  mixed*spontaneous  evolution  of  heat  ■ 

occurred.  The  mixture  was  heated  to  boiling  with  stirring  for  2  hours  and  left  for  a  day.  The  yellowish -gray  pre-  I 

cipitate  formed  was  filtered  and  washed  with  water.  The  filtrate  and  the  wash  water  were  diluted  to  150  ml  and  < 

the  tin  from  the  solution  was  precipitated  by  electrolysis,  after  which  the  filtrate  was  evaporated  under  vacuum.  ! 

A  precipitate  (about  0.8  g)  was  deposited  in  the  form  of  small  pale-gray  needles  from  the  concentrated  solution.  | 

The  substance  obtained  was  identified  as  the  hydrochloride  of  1,2,4-triaminobenzene  by  color  reactions  with  am¬ 
monia,  caustic  soda  and  ferric  chloride  [14]  and  the  formation  of  the  corresponding  substituted  quinoxaline  by  con-  ; 

densing  with  benzyl  [15], 

The  precipitate  formed  by  reduction  had  an  m.p.  of  230-232*  (it  contained  tin  and  chlorine);  it  was  not  in¬ 
vestigated  more  closely.  , 

3,  The  Reaction  of  5 , 5 -Di  me  thyl -2,4  -  d  iphe  ny  1  -  2 -hy  droxy -2 ,5 -d  ihy  d  rof  u  ran  with 
2 ,4 -Di n i t rophe ny Ihy diaz one  in  an  Acetic -acid  Medium 

A  finely -crystalline  yellow  precipitate  was  fomed  after  one  day  from  a  mixture  of  0.9  g  of  hydroxydihydro- 
furan  dissolved  in  40  ml  of  80  ‘Ib  acetic  acid  and  45  ml  of  a  saturated  solution  of  2,4-dinitrophenylhydrazine  in 
75  %  acetic  acid  (disregarding  the  amount  of  2,4-dinitrophenylhydrazine):  after  drying  over  alkali  in  a  vacuum 
desiccator  this  precipitate  had  an  m.p.  of  162-163*  (with  decomp.).  In  a  mixed  melt  with  the  sulfate  of  the  2,4- 
-dinitrophenylhydrazino-hydrazone  (Va),  with  the  2,4-diniuophenylhydrazone  (VII)  and  also  with  the  orange  hy- 
drazino -hydrazone  (VI)  a  depression  of  the  melting  point  was  found. 

Found  C  55.74,  55.51;  H  4.47,  4.64;  N  17.69,  17.75.  CjoH2,09Ng.  Calculated  loi  C  55.90;  H  4.35; 

N  17.39.  ( 

From  analytical  data  the  substance  with  an  m.p.  of 
162-163*  (decomp.)  corresponded  to  the  2,4-dinitroi*enyl- 
hydrazino -hydrazone  of  2-methyl-3,5-dii*enyl-3-penten- 
-2-ol-5-one  (VIII),  isomeric  with  the  previously  obtained 
orange  substance  with  an  m.p,  of  156-157*  (decomp.)  (VI). 

These  products  had  different  absorption  spectra  (Fig.  3).  ^ 

I 

When  a  saturated  acetic -acid  solution  of  2,4-dinitro¬ 
phenylhydrazine  was  allowed  to  act  on  an  alcoholic  so¬ 
lution  of  hydroxydihydrofuran  the  2,4-dinitro|rfienylhy- 
drazino-hydrazone  (VIII)  with  an  m.p.  of  162-163*  was 
also  obtained.  In  both  instances  the  yield  was  68-76  %. 

The  action  of  glacial  acetic  acid  on  the  hydrazino-  ! 

-hydrazone  (VIII).  When  boiled  with  glacial  acetic  acid 
the  hydrazino -hydrazone  (VIII)  was  converted  into  the 
2,4-dinitrophenylhydrazone  (VII)  with  an  m.p.  of  166-167* 

(mixed  melt,  absorption  curve  in  the  ultraviolet  region). 

Found  C  64.78;  H  5.05;  N  13.00.  C24H22O5N4,  Calculated  %;  C  64.57;  H  4.93;  N  12.56.  | 

The  action  of  an  alcoholic  solution  of  sulfuric  acid  on  the  hydrazino -hydrazone  (VIII).  0.25  g  of  the  hy- 
drazino-hydrazone  was  dissolved  in  15  ml  of  alcohol;  3  ml  of  water  and  2  ml  of  sulfuric  acid  were  added  to 


Fig.  3.  Absorption  spectrum  in  dioxane. 

1)  2,4  -dinitrophe  nylhydrazino  -hydrazone 
(VI).  2)  2,4-diniuophenylhydrazino- 
-hydrazone  (VIII). 
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the  solution.  The  mixture  was  heated  slightly  for  3  minutes  to  dissolve  the  hydrazino-hydrazone,  filtered  and 
allowed  to  stand  overnight. 

The  next  day  the  flocculent  bright -yellow  precipitate  which  had  formed  was  washed  twice  with  anhydrous 
alcohol  and  absolute  ether.  The  m.p.  was  178-179*  (decomp.).  It  showed  no  depression  of  the  melting  point  in 
a  mixed  melt  with  the  sulfate  of  the  2,4-dinitrophenylhydrazino-hydrazone,  The  absorption  curves  in  the  ultra¬ 
violet  region  of  both  substances  coincided. 

Found  “yo:  C  42.78;  43.04;  H  4.17,  4.15;  N  13.20.  CgoHjgOjNg  •  2H2S04.  Calculated  C  42,85;  H  3.80; 

N  13.33.* 

In  consequence,  the  action  of  sulfuric  acid  on  an  alcoholic  solution  of  the  hydrazino-hydrazone  (VIII)  gave 
the  sulfate  (Va),  This  salt  was  converted  by  hydrolysis  into  the  orange  hydrazino-hydrazone  (VI). 

Fig.  1  gives  the  absorption  spectra  in  ethyl  alcohol  of  the  2,4-dinitrophenylhydrazone  (VII),  Xmax  348  mfi, 
e  15900  and  the  2,4-dinitrophenylhydrazino-hydrazone  (obtained  in  the  presence  of  acetic  acid)  of  (VIII), 

338  m/i,  e  29650.  Fig.  2  gives  the  absorption  spectrum  of  the  hydrogen  sulfate  of  the  2,4-dinitrophenylhydrazino- 
hydrazone  (V,  Va)  in  ethyl  alcohol,  X  max  352  mp,  e  27700.  Fig.  3.  shows  the  absorption  spectra  of  the  2,4-di- 
nitrojdienylhydrazino-hydrazones  of  the  yellow  (VIII), X  max  nap,  €  33200  and  the  orange  (VI), Xmax 
€  35100  in  a  solution  of  dioxane.** 

SUMMARY 

1.  The  reaction  of  5, 5-dimethyl -2,4-diphenyl -2-hydroxy-2,5-dihydrofuran  with  2,4-dinitrophenylhydrazine 
under  various  conditions  was  investigated. 

2.  It  was  established  that  by  the  action  of  an  alcoholic  solution  of  2,4-dinitrophenylhydrazine  in  the  presence 
of  sulfuric  acid  the  sulfate  of  the  2,4-dinitrophenylhydrazino-hydrazone  of  2-methyl-3, 5-diphenyl -3-penten-2- 
-ol-5-one  is  obtained;  by  the  action  of  an  acetic-acid  solution  of  2,4-dinitrophenylhydrazine  the  2,4-dinitrophenyl 
hydrazino-hydrazone  of  the  same  y  -keto-alcohol  is  formed  while  if  the  reaction  is  carried  out  in  the  presence  of 
hydrochloric  acid  the  2,4-dinitrophenylhydrazone  of  2-methyl -3,5-diphenyl -3-penten-2-ol-5-one  is  obtained. 

3.  It  was  shownthat  the  substances  obtained  are  capable  of  partial  mutual  conversions. 
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THE  CATALYTIC  PREPARATION  OF  KETONES  FROM  A  MIXTURE  OF 


ACETIC  ACID  AND  N-BUTYL  ALCOHOL 
B.  N,  Dolgov,  G,  V.  Golodnikov  and  Yu.  A,  Bolshukhina 


The  preparation  of  ketones  (including  mixed  types)  by  passing  acetic  acid  and  other  carboxylic  acids,  or 
their  derivatives,  over  various  catalysts  was  developed  by  Sabatier  and  his  co-workers  in  1905-1914  [1],  Fairly  re¬ 
cently,  Mazurek  investigated  the  conversion  of  N-butyl  alcohol  into  dipropylketone  over  mixed  chrome  catalysts, 
in  particular  over  a  Cr-Mn  catalyst  [2]. 

The  catalytic  conversion  of  mixed  carboxylic  acids  and  primary  alcohols  has  not  been  ivestigated  hitherto. 
When  Yakovlev  passed  a  mixture  of  acetic  acid  and  N-butyl  alcohol  over  the  above-mentioned  Mazurek  Cr-Mn 
catalyst  he* obtained,  in  addition  to  acetone,  a  product  which  was  apparently  "SS*!?)  methyl -sec.butyl -ketone  with 
traces  of  methylbutylketone"[3].  The  investigation  we  carried  out  showed  the  incorrectness  ofYakovlev's  experi¬ 
mental  data  and  the  fallaciousness  of  the  mechanism  he  advanced  for  the  formation  of  ketones  from  a  mixture  of 
acid  and  alcohol. 

Together  with  the  establishement  of  optimum  conditions  for  obtaining  ketones  we  made  it  our  object  to  study 
the  method  of  formation  of  a  mixed  ketone.  Since  the  Gr-Mn  catalyst  is  less  active  than  copper  catalysts  hardly 
any  side  reactions  or  secondary  reactions  occur,  with  the  result  that  the  study  of  the  reaction  mechanism  is  facili¬ 
tated. 

The  experiments  with  a  mixture  of  acetic  acid  and  N-butyl  alcohol  were  carrried  out  in  the  presence  of  added 
hydrogen,  the  latter  being  in  a  molecular  ratio  of  1  :  1  to  the  mixture.  The  conditions  and  results  of  the  experi¬ 
ments  are  given  in  Tables  1-4. 

As  may  be  seen  from  the  data  in  Table  1,  the  most  favorable  temperature  for  the  yield  of  mixed  ketone  — 
methylpropylketone  —  was  440*;  this  is  obvious  from  the  experiments  with  a  mixture  of  acid  and  alcohol  in  a 
molar  ratio  of  1  :  1,  carried  out  with  uniform  rate  of  feed  (volumetric  rate  65).  The  absence  of  esters  at  tempe¬ 
ratures  above  420*  is  probably  explained  by  the  decomposition  of  the  butyl  acetate  into  acetaldehyde  and  butyralde- 
hyde. 

The  maximum  yields  of  methylpropylketone  were  obtained  with  a  3  ;  1  molar  ratio  of  acetic  acid  and  N- 
-butyl  alcohol  (Table  2).  With  a  further  increase  in  the  acetic  acid  content  in  the  mixture  to  5  moles  to  1  mole 
of  alcohol  the  yield  of  methylpropylketone  was  reduced.  These  experiments  were  carried  out  at  420*  and  a  volu¬ 
metric  rate  of  80. 

The  increase  of  the  volumetric  rate  from  100  to  160  led  to  a  negligible  reduction  in  the  yield  of  methyl¬ 
propylketone  (Table  3),  as  may  be  seen  from  the  experiments  with  a  mixture  of  acid  and  alcohol  (1 :  1  moles)  at 
440*.  A  further  increase  in  the  volumeuic  rate  to  200  reduced  the  yield  of  methylpropylketone  to  one  third.  With 
a  reduction  in  the  contact  time  the  amounts  of  esters  and  butyraldehyde  formed  increased  and  the  acetaldehyde 
content  fell.  The  contact  time  was  evidently  insufficient  to  allow  further  conversions  to  take  place,  i.e.  the  de¬ 
composition  of  the  butyl  acetate  to  form  acetaldehyde  with  subsequent  condensation  of  the  latter  with  butyraldehyde 
or  acetone. 

In  the  absence  of  hydrogen  there  was  a  considerable  reduction  in  the  yield  of  dipropylketone  and  the  fall  in 
the  yield  of  methylpropylketone  was  less  marked.  The  experiment  without  a  simultaneous  feed  of  hydrogen  was 
carried  out  at  440*  and  a  volumetric  rate  of  60  (Table  4).  The  increase  in  the  yield  of  acetone  may  be  explained 
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TABLE  1 


Temper¬ 
ature  of 
experi¬ 
ments 

Yields  (as  %  of  the  initial  mixture) 

Methylpro- 

Dipropyl-  1 

j  Esters 

i 

Buyralde- 

Unchanged 

Acetone 

1 

pylketone 

ketone 

1 

hyde 

N-butyl 

alcohol 

380° 

13.4 

11.0 

ll.l 

6.8 

1.8 

21.9 

400 

6.7 

16.4 

17.7 

3.5 

1.7 

9.0 

420 

4.9 

18.3 

20.3 

0.0 

1.3 

2.5 

440 

5.9 

19.3 

20.8 

0.0 

1.7 

1.9 

460 

4.1 

19.0 

20.0 

0.0 

1.8 

0.0 

480 

3.4 

16.8 

14.7 

0.0 

1.9 

4.3 

500 

TABLE  2 

6.1 

1  i 

14.7 

5.7 

0.0 

5.3 

15.9 

Molar  ratio  of 
acetic  acid 
and  N-t>utyl 
alcohol  in 
mixture 

Yield  (as  %  of  the  initial  mixture) 

Acetone 

Methylpro- 

pylketone 

Dipropyl- 

ketone 

Esters 

Acetalde¬ 

hyde 

Batyralde 

hyde 

N-Butyl 

alcr^ol 

— 

— 

37.2 

4.6 

— 

2.0 

1  :2 

4.2 

12.3 

27.7 

4.0 

3.4 

1.2 

1  :  1 

•  8.4 

13.5 

14.0 

0.0 

6.4 

1.4 

2:1 

11.1 

15.6 

10.2 

0.0 

9.6 

1.6 

3:1 

16.5 

18.6 

6.4 

1.5 

4.3 

0.0 

5:1 

20.1 

15.0 

4.5 

1.3 

2.0 

0.0 

Acetic 

acid 

32.6 

1.0 

TABLE  3 


Volume¬ 
tric  rate 

Yields  (  as  of  the  Initial  mixture) 

Acetone 

Methyl- 

propyl- 

ketone 

Dipropyl- 

ketone 

Esters 

Acetalde¬ 

hyde 

Butyralde- 

hyde 

Unchanged 

N-butyl 

alcohol 

30 

4.4 

21.5 

16.1 

0.0 

7.4 

0.0 

0.0 

60 

6.5 

19.3 

20.8 

0.0 

6.4 

0.0 

0.6 

100 

11.8 

15.5 

19.7 

0.0 

4.5 

1.2 

7.3 

160 

11.6 

13.0 

17.6 

1.6 

1.0 

1.1 

8.1 

200 

9.6 

4.6 

9.9 

3.8 

0.0 

8.6 

23.2 

TABLE  4 


Experimental  conditions 

Yields  (as  °looi  the  initial  mixture) 

Acetone 

Methylpro - 
pylketone 

Dipropyl - 
■(etone 

Acetalde¬ 

hyde 

Butyr¬ 

aldehyde 

Mixture  of  acetic  acid  and  N-butyl 
alcohol 

a)  In  the  jwesence  of  hydrogen . 

5.9 

19.3 

20.8 

1.7 

b)  Without  hydrogen . 

14.8 

14.8 

3.7 

- 

- 

Mixture  of  acetaldehyde  and 
butyraldehyde . 

1.0 

15.8 

13.0 

5.6 

1.8 

Mixture  of  acetaldehyde  and  acetone.  ,  . 

42.1 

5.2 

— 

6.0 

— 
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by  the  fact  that  the  ketonic  decomposition  of  acetic  acid  on  oxide  catalysts  does  not  require  the  additional  intro¬ 
duction  of  hydrogen.  The  addition  of  hydrogen  has  a  favorable  influence  on  the  reaction  of  the  formation  of  di- 
propylketone. 

Additional  experiments  with  mixtures  of  acetaldehyde  and  butyraldehyde  and  acetaldehyde  and  acetone 
(both  mixtures  having  a  1  :  1  mole  ratio)  were  carried  out  at  440",  a  volumetric  ratio  of  6C  and  a  simultaneous 
feed  of  hydrogen  in  a  molar  ratio  of  1  ;  1,  in  order  to  explain  the  methods  of  formation  of  methylpropylketone. 
From  a  comparison  of  the  results  of  these  experiments ( Table  4) it  may  be  concluded  that  a  mixture  of  acetal¬ 
dehyde  and  butyraldehyde  is  very  readily  converted  into  a  mixture  of  ketones  (methylpropylketone,  acetone).  A 
mixture  of  acetaldehyde  and  acetone  is  less  reactive  and  gives  a  considerably  smaller  yield  of  methylpropylketone. 
The  formation  of  methylpropylketone  may,  therefore,  be  explained  by  the  aldol  condensation  of  acetaldehyde  with 
butyraldehyde  (of  with  acetone). 

The  systems  for  the  successive  conversion  of  a  mixture  of  acetic  acid  and  N-butyl  alcohol  are  given  below. 

1.  Formation  of  acetone 


2CH3COOH  — »>  CH3COCH3  CO2  -+-  H2O. 

2.  Formation  of  dipropylketone 


2C4H9OH  — ►  H2-<-2C3H7CH0 
2C3H7CHO 


C3H7-CHOH-CH-CH2-CH; 
^HO 


■»!  C3H7COC3H7. 


3.  Formation  of  methylpropylketone 


CH3COOH C4H9OH  CH3COOC4H9  S  CH3CHO-HC3H7CHO 

<T 


CH3CHO 


+C,H,CHO 


./ 


CH3— CHOH— CH— CH2-CH3 

Iho 


-Co 

-iC 


CH3COCH2CH2CH5 


+CH,cocH.  JCH3COCH2CHOHCH3]  — ^  CH3COCH,CH2CH3. 

+H, 


EXPERIMENTAL 

Apparatus,  general  procedure  and  analysis  of  the  reaction  products  described  in  [4].  In  the  experiments  with 
mixtures  of  acetaldehyde  and  butyric  aldehyde  (or  acetone)  a  glass  jacket  was  placed  on  the  mercury  dropper  to 
cool  the  initial  mixture  with  running  water  in  order  to  avoid  evaporation  of  the  acetaldehyde. 

The  catalyst  was  prepared  by  the  prescribed  method  [2];  the  activity  of  the  catalyst  was  checked  with  N- 
-butyl  alcohol  (the  yield  of  dipropylketone  was  usually  not  less  than  30-35  ^of  the  alcohol  passed  over  the  cata¬ 
lyst). 

Ketonization  of  a  mixture  of  acetic  acid  and  N-butyl  alcohol.  Commercial  acetic  acid  (97.5  ^),  d*®  1.056 
and  N-butyl  alcohol,  which  after  drying  over  Na2S04  and  distillation  had  a  b.p.  of  116.5 -117.5*,  d*®  0.812  and 
np  1.3990  were  used  in  this  work. 

The  liquid  condensates  from  each  experiment  were  fractionated  in  a  fractionating  column.  When  the  con¬ 
densates  were  distilled  the  following  fractions  were  usually  obtained:  1st,  54-60*,  2nd,  60-80*,  3rd,  80-90*,  4th, 
98-103*,  5th,  105-120*,  6th,  120-140*,  7th,  140-144*  and  a  residue. 

The  1st  fraction  contained  acetone  which  was  separated  by  repeated  distillation  and  identified: 

b.p.  56-56.5*,  d5®  0.7918,  ng  1.3590, 

Data  from  literature:  b.p.  56*,  d*®  0.7912,  ng  1,3590. 

A  semicarbazone  with  an  m.p.  of  187-188“  was  obtained  (in  literature  188*). 
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The  2nd  fraction  was  not  more  than  2-3  %of  the  weight  of  the  condensate  and  contained  butyraldehyde 
which  was  determined  by  Petrova  and  Zhezmer's  method  [5]. 

The  3rd  fractioncontainedan  azeotropic  mixture  of  methylpropylketone  with  13  %  of  water  (data  in  litera¬ 
ture  gives  the  b.p,  of  the  azeotropic  mixture  as  82.9*),  The  ketone  content  was  determined  by  the  hydroxylamine 
method. 

The  4th  fraction  was  almost  pure  methylpropylketone,  which  was  separated  by  repeated  distillation  and  iden¬ 
tified: 

b.p.  101.5-102.2%  df  0.8075,  ng  1.3900. 

Data  from  literature:  b.p.  102.3%  dj®  0.80639,  ng  1.39012. 

The  semicarbazone  had  an  m.p.  of  110-111*  (in  literature  112*), 

The  5th  fraction  consisted  for  the  most  part  of  unchanged  N -butyl  alcohol.  It  was  possible  to  separate  the 
small  amount  of  methylpropylketone  contained  in  this  fraction  by  repeated  distillation. 

The  6th  fraction  was  not  more  than  2  %  of  the  weight  of  the  condensate  and  contained  unreacted  N-butyl 
alcohol  and  also  a  small  amount  of  dipropylketone. 

The  7th  fraction  consisted  of  almost  pure  dipropylketone.  With  repeated  distillation  the  fraction  passed  over 
almost  comjrfetely  at  142.5-143.5*  and  had  the  constants: 

df  0.8176  and  ng  1.4073.  Data  from  literature:  b.p.  144.1*;  df  0.8175;  ng  1.40732. 

The  semicarbazone  had  a  b.p.  of  132-132.5*  (in  literature  133*). 

The  residues  did  not  represent  more  than  5-7  %  of  the  weight  of  the  condensate  and  contained  about  30  °lo 
of  dipropylketone,  according  to  the  analyses  and  the  data  from  repeated  distillation. 

The  composition  of  the  gas  was  characterized  by  a  considerable  content  of  hydrogen  (70-80  °}o),  COj  (11-15 
%),  CO  (7-16  %),  Only  small  amounts  of  saturated  hydrocarbons  and  olefins  were  present. 

Identification  of  the  acetaldehyde.  The  acetaldehyde  was  absorbed  by  dry  ether,  saturated  with  ammonia. 

At  the  completion  of  the  experiment  the  crystals  of  acetaldehyde -ammonia  obtained  were  separated  from  the  ether 
and  weighed.  The  yield  of  acetaldehyde  was  calculated  from  the  weight  of  acetaldehyde -ammonia  obtained. 

When  the  acetaldehyde -ammonia  was  decomposed  with  dilute  sulfuric  acid  there  was  a  characteristic  odor  of  acet¬ 
aldehyde. 

Ketonization  of  a  mixture  of  acetaldehyde  and  butyraldehyde.  The  "Pure "grade  of  acetaldehyde,  ng 
1,3330,  and  butyraldehyde  with  ng  1.3842  were  used  for  the  preparation  of  the  initial  mixture. 

When  the  condensate  was  distilled  the  same  fractions  were  obtained  as  in  the  experiments  with  a  mixture 
of  acetic  acid  and  N-butyl  alcohol,  in  particular:  a  56-60*  fraction  containing  acetone;  a  99-105*  fraction,  cor¬ 
responding  to  methylpropylketone  (94,6  %  ketone,  by  analysis);  a  139-146*  fraction  (by  analysis,  88.6  °lo  of  dipro¬ 
pylketone),  The  distillation  residue  (above  150*)  was  33.6  lo  of  the  weight  of  the  condensate. 

Ketonization  of  a  mixture  of  acetaldehyde  and  acetone.  The  "Pure"  grade  of  acetaldehyde,  ng  1.3330, 
and  acetone  with  a  b.p.  of  56.5*  and  ng  1,3598,  were  used  for  this  work. 

The  following  fractions  were  obtained  by  the  distillation  of  the  condensate:  1st,  56-62*,  containing  acetone 
(98.6  %of  ketone,  by  analysis);  2nd,  81-89*,  corresponding  to  an  azeotropic  mixture  of  methylpropylketone  with 
water  (85.2  °h  of  ketone  by  analysis)  and  a  residue  with  38.1  %  of  ketone  by  analysis. 

SUMMARY 

1.  By  passing  a  mixture  of  acetic  acid  and  N-butyl  alcohol  over  a  Cr-Mn  catalyst  .methylpropylketone  is 
formed  with  a  yield  of  20  °Jo  by  weight  of  the  initial  mixture.  At  the  same  time,  symmetrical  ketones  —  dipropyl- 
ketone(20  '’Jo)  and  acetone  (6%)  —  are  formed. 

A  system  for  the  formation  of  methylpropylketone  from  a  mixture  of  acetic  acid  and  N-butyl  alcohol  was 
proposed. 
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DERIVATIVES  OF  MONO-  AND  DIANHYDRIDES  OF  XYLITE* 


S.  N.  Danilov,  A.  N,  Anikeeva,  N.  S,  Tikhomirova -Sidorova  and 

A.  N.  Shirshova 


The  chlorohydrin  of  1,4-xylitane  (5-chloro-l,4-anhydroxylite)  and  certain  experiments  on  the  synthesis  of 
xylite  dianhydride  to  which  the  structure  of  1,4-2,5-dianhydroxylite  was  provisionally  assigned  were  previously 
described  [1].  We  prepared  new  derivatives  of  xylite  anhydrides  for  use  in  further  syntheses. 

Like  1,4-anhydroxylite  (1,4-xylitane)  the  stmcture  of  xylite  monoanhydride  was  proven  by  oxidation  with 
periodic  acid  [2],  The  synthesis  in  our  experiments  of  the  crystalline  triphenylmethyl  derivative  —  5-triphenyl- 
methyl -1,4-anhydroxylite  (I)  —  previously  described  [2]  in  the  form  of  the  acetate,  indicates  the  presence  of  one 
primary  alcohol  group  in  the  molecule  of  1,4-xylitane,  This  is  partially  confirmed  by  the  fact  that  toluenesulfonic 
acid  (tosyl)  derivatives  were  obtained;  tosyl  derivatives  of  all  three  xylitane  hydroxyls  are  obtained,  however, 
2,3,5-tritosyl-l,4-xylitane  (III)  being  obtained.  The  triphenylmethyl  ester  of  1,4-xylitane  was  converted  into 
2,3 -ditosyl -5 -triphenylmethyl -1,4-xylitane  (II),  The  esters,  acetals  and  ketals  of  xylitane,  and  their  derivatives, 
are  described  below. 

By  the  action  of  thionyl  chloride  on  xylitane  a  thionyl  derivative,  i.e,  3,5 -thionyl -1,4-anhydroxylite  (IV) 
was  obtained  instead  of  a  chloro  derivative,  and  from  this  were  obtained  2-acetyl-3,5-thionyl-l,4-anhydroxylite 
(V),  2-benzoyl -3,5-thionyl-l,4-anhydroxylite  (VI)  and  2 -tosyl -3,5 -thionyl -1,4-anhydroxylite  (VII),  It  was  not 
possible  to  remove  the  sulfite  group,  leaving  the  tosyl  and  benzoyl  groups  at  the  second  carbon  atom  because  of 
the  simultaneous  hydrolysis  of  these  and  other  groups;  it  was  also  not  possible  to  obtain  the  triphenylmethyl  ester 
of  the  thionyl  compound,  a  fact  which  indicates  the  absence  of  a  free  primary  alcohol  group, 

3,5 -Methylene -1,4-xylite  (VIII)  was  obtained  in  the  form  of  the  benzoate  (IX)  (2-benzoyl -3,5 -methylene - 
-1,4-xyliune)  and  the  tosyl  derivative  (X)  (2-tosy  l-3,5-methylene-l,4-xylitane).  Similar  substances  were 
synthesized  from  3,5 -benzylidene -1,4-xylitane  (XI);  3,5-isopropylidene-l,4-xylitane  (XIV):  3,5-cyclohexylidene- 
-1,4-xylItane  (XVII):  2-benzoyl -3,5 -benzylidene -1,4-xylitane  (XII);  2-tosyl -3,5 -benzylidene -1,4-xylitane  (XIII): 
2-benzoyl -3, 5-isopropylidene-l,4-xyliune  (XV):  2-tosyl -3,5-isopropylidene-l,4-xylitane  (XVI):  2-benzoyl -3,5- 
-cyclohexylidene -1,4-xylitane  (XVIII):  2*  tosyl-3,5-cyclohexylidene -1,4-xylitane  (XIX).  In  addition,  urethanes 
were  obtained  from  acetone -xylitane  (XIV)  and  a  benzaldehyde  acetal  (XI):  2-carbanilo-3,5-isopropylidene-l,4- 
-xylltane  (XX)  and  2-carbanilo-3,5 -benzylidene -1,4-xylitane  (XXI). 

To  confirm  the  location  of  the  acetal  and  ketal  groups  in  the  3,5  position  experiments  were  carried  out  to 
obtain  triphenylmethyl  derivatives  but  these  attempts  were,  however,  not  successful.  This  indicates  that  there  is 
no  free  primary  alcohol  group  in  the  acetals  and  ketals  of  xylitane.  Experiments  on  the  oxidation  of  the  acetals 
with  an  aqueous  solution  of  potassium  permanganate  did  not  give  positive  results  since  the  action  of  the  oxidizing 
agent  was  feeble  and  the  acetal  and  ketal  groups  were  split  off  by  the  oxidizing  action. 

To  determine  whether  the  acetal  and  ketal  groups  were  actually  in  the  3,5  position  their  tcsyl  derivatives 
(X,XIII,XVI,  XIX)  and  their  benzoates  (IX,  XII,  XV,  XVIII)  were  hydrolyzed  but  it  was  found  that  during  hydro¬ 
lysis  in  an  acid  medium  the  tosyl  groups  were  also  split  off  at  the  same  time  as  the  acetal  and  keto  groups,  the 
tosyl  group  increasing  the  stability  of  the  acetal  and  ketal  group.  In  the  case  of  the  benzoates  of  acetone -xylite 
(XV)  andcyclohexanone-xylite(XVIII)  it  was  possible,  however,  to  split  off  the  ketal  groups  by  heating  with  aqueous 


•  This  article  is  the  5th  communication  in  the  series  :  "Anhydrides,  amino-  and  guanido  derivatives  of  hydro¬ 
carbons  and  polyhydric  alcohols."  See  the  4th  communication  in  the  series;  J.  Gen,  Chem,  27,  945  (1957). 
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acetic  acid  and  to  obtain  the  same  2-benzoyl -1,4-xylitane  (XXII).  Xylitane  monobenzoate  is  not  oxidized  by 
lead  tetraacetate,  indicating  the  absence  of  two  hydroxyl  groups  side  by  side  in  its  molecule.  This  |xoves  that  in 
these  two  ketals  of  xylitane  the  two  ketal  groups  are  identically  situated,  evidently  being  in  the  3,5  position.  In 
the  case  of  the  benzoates  of  methylenexylitane  (IX)  and  benzylidenexylitane  (XII)  simultaneous  sfditting  off  of 
the  acetal  and  benzoyl  groups  occurs  when  heated  with  aqueous  acetic  acid. 

According  to  our  experiments  the  best  method  for  obtaining  dlanhydroxylite  is  the  dehydrochlorination  of 
xylitane  chlorohydrin,  previously  described  by  one  of  the  authors  [1].  The  following  derivatives  of  xylitane  chloro- 
hydrin  were  synthesized:  2,3-carbanilo-5-chloro-l,4-anhydroxylite  (XXIII),  2,3-ditosyl-5-chlOTO-l,4-anhydroxylite 
(XXIV)  and  the  monourethane  of  xylitane  chlorohydrin  for  which  the  position  of  the  urethane  (carbanilo)  group  has 
not  yet  been  proven  (XXV).  Xyliune  chlorohydrin  does  not  form  acetals  and  ketals,  which  indicates  that  the  chlorine 
is  located  in  the  5  position  in  1,4-xylitane  and  that  the  acetal  and  ketal  groups  are  in  the  3,5  position  in  xylitane. 

The  following  previously  unknown  derivatives  of  xylitane  dianhydride  were  obtained:  3-acetyl-l,4-2,5-dian- 
hydroxylite  (XXVI),  3-benzoyl-l,4-2,5-dianhydroxylite  (XXVII),  3 -tosyl-1,4-2,5 -dlanhydroxylite  (XXVIII),  3- 
-carbanilo-l,4-2,5-dianhydroxylite  (XXIX). 

The  failure  of  our  attempts  (omitted  in  our  account  of  the  experiments)  to  synthesize  triphenylmethyl  esters 
from  acetals  and  ketals  of  1,4-xylitane,  and,  in  addition,  the  fact  that  acetals,  ketals  and  a  triphenylmethyl  ester 
were  not  obtained  from  xylitane  chlorohydrin  confirm  that  the  acetal  and  ketal  groups  in  the  acetals  and  ketals  of 
xylitane  are  really  located  at  the  3  and  5  carbon  atoms  and  that  the  chlorine  atom  in  chlorohydrin  is  situated  in 
the  primary  alcohol  group. 
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EXPERIMENTAL 


1.  Esters,  Acetals  and  Ketals  of  Xylitane 
(Investigated  by  A.  N.  Anikeeva) 

Triphenylmethyl  Ester  of  Xylitane 

A  mixture  of  0.5  mole  of  xylitane  and  0.1  mole  of  triphenylchloromethane  in  equal  volumes  of  pyridine 
was  left  for  2  days  at  room  temperature  after  which  the  mixture  was  poured  into  water  containing  ice.  The  pale- 
yellow  viscous  oil  (which  crystallized  after  carefully  washing  free  from  pyridine)  was  dissolved  in  ether  and  the 
solution  was  dried  with  anhydrous  sodium  sulfate.  When  the  ether  had  been  evaporated  in  a  vacuum  desiccator 
a  finely -crystalline  powder  remained  (the  m.p,  was  not  sharp,  55-60*).  Recrysullization  experiments  did  not 
give  good  crystals  with  a  more  definite  melting  point;  a  caramel-like  mass  was  obtained.  The  substance  was 
soluble  in  alcohols,  ether,  acetone,  benzene,  toluene,  ethyl  acetate  and  chloroform  and  insoluble  in  water.  The 
5-uiphenylmethyl-l-anhydroxylite  (I)  had  an  m.p.  of  60*. 

Founder  C  76.30;  H  6.52.  C24H2404.  Calculated  C  76.64;  H  6.42. 

The  diaceute  of  this  triphenylmethyl  ester  which  we  obtained  had  an  m.p.  of  134-135*. 

Ditos  yl -trityl  Ester  of  Xylitane 

The  ditosyl  derivative  of  the  trityl  ester,  5 -trityl -3,4-ditosyl  -1,4-xylitane  (II),  was  obtained.  The  initial 
uiphenylmethyl  ester  of  xylitane  (0,01  mole)  in  a  5-fold  amount  of  pyridine  was  treated  with  toluenesulfonyl- 
chloride  (0.02  mole).  The  solution  was  left  at  room  temperature  for  48  hours  and  then  poured  into  cold  water; 
a  viscous  colorless  mass  separated  which  after  washing  with  water  and  dissolving  in  chloroform  was  found  to  be 
free  from  pyridine.  After  the  solution  had  been  dried  with  magnesium  sulfate  the  chloroform  was  driven  off;  the 
residue  crystallized  in  the  form  of  colorless  prisms.  The  m.p.  was  146-147*.  The  fvoduct  was  soluble  in  alcohol, 
chloroform,  benzene  and  ether  and  insoluble  in  water. 

Found  S  9.38.  C3(H3gO|S2.  Calculated  %:  S  9.35. 

Tritosyl  Ester  of  Xylitane 

45  g  of  p-toluenesulfonyl  chloride  was  added  in  stages  to  a  solution  of  10  g  of  xylitane  in  100  ml  of  anhy¬ 
drous  pyridine;  the  mixture  was  left  for  a  day  at  the  normal  temperature  and  then  poured  with  stirring  into  ice 
water.  The  viscous  mass  which  formed  was  carefully  washed  free  from  pyridine,  after  which  it  crystallized.  After 
it  had  been  recrystallized  twice  from  alcohol  the  substance  had  an  m.p.  of  106*.  10.5  g  (25  %)  of  the  substance 
was  obtained  in  the  form  of  needles;  it  was  soluble  in  acetone,  benzene,  ethyl  acetate,  chloroform,  and  in  methyl 
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and  ethyl  alcohol  with  heating  but  insoluble  in  ethyl  ether  and  water.  The  substance  was  the  tritosyl  ester  of 
xylitane,  2,3,5 -tritosyl-l,4-anhydroxylite  (Ill). 

Found  C  52.42;  H  4.32;  S  15.99,  15.98.  CjjHjgOMSa.  Calculated  °hi  C  52.36;  H  4.69;  S  16.10. 

1,4-Xylitane  Sulfite  and  its  Derivatives  (from  A.  N.  Shirshova’s  experiments) 

When  xylitane  is  acted  on  by  thionyl  chloride, xylitane  sulfite  is  formed,  not  xylitane  chlorohydrin.  Thionyl 
chloride  was  added  dropwise  to  100  g  of  freshly -distilled  xylitane.  It  was  necessary  to  cool  the  flask  with  ice  In 
order  to  avoid  the  intense  evolution  of  heat.  It  was  left  overnight  and  the  excess  thionyl  chloride  was  then  distilled 
under  vacuum.  It  was  kept  over  alkali  in  a  desiccator  for  5  days  to  remove  traces  of  thionyl  chloride.  After  dis¬ 
tillation  at  140*  and  0.5  mm,  50  g  of  a  pale -yellow  liquid  was  obtained  which  completely  crystallized  on  keeping. 
After  it  had  been  recrystallized  several  times  from  ether  the  xylitane  sulfite  had  an  m.p.  of  83-84*.  The  substance 
was  soluble  in  acetone  and  in  alcohol  and  benzene  when  heated. 

Found  (mean  of  two  analyses,  as  elswhere)  °Joi  C  33.30;  H  4.62;  S  18.00.  C5H8O5S.  Calculated  C  33.33; 

H  4.40;  S  17.70. 

The  substance  was,  therefore,  3,5 -thionyl -1,4-anhydroxylite  (IV). 

Acetyl  derivative  of  xylitane  sulfite.  A  mixture  of  5  g  of  xyliune  sulfite,  25  g  of  acetic  anhydride  and  2.5 
g  of  anhydrous  sodium  acetate  was  heated  on  a  boiling  water  bath.  After  the  excess  anhydride  had  been  distilled 
the  mixture  was  poured  into  water  and  the  oil  formed  was  dissolved  in  ether  and  the  solution  washed  with  1  °h 
alkali.  After  it  had  been  dried  with  phosphorus  pentoxide  the  substance  was  distilled  under  vacuum. 

B.  p.  105-107*  (0.15  mm),  dj®  1.4261,  ng  1.4810,  MRp  44.10;  Calc.  44.54. 

Found  %;  C  38.28;  H  4.18;  S  14.37.  CyH^OeS.  Calculated  <7o:  C  38.00;  H  4.53;  S  14.40. 

The  substance  was  2-acetyl -3,5 -thionyl -1,4-anhydroxylite  (V). 

The  benzoyl  derivative  of  2-acetyl -3,5 -thionyl -1,4-anhydroxylite  (VI)  was  obtained  by  the  action  of  ben¬ 
zoyl  chloride  in  pyridine  solution  at  room  temperature  for  48  hours  in  a  sealed  flask.  The  mixture  was  dissolved 
in  chloroform,  the  pyridine  was  washed  out  with  cooled  water,  1  ‘^hydrochloric  acid,  alkali  and  then  with  water 
again.  After  the  solution  had  been  dried  with  calcium  chloride  the  chloroform  was  distilled  off  under  vacuum. 

The  dark-brown  oil  obtained  crystallized  and  the  crystals  were  washed  with  ethyl  alcohol.  The  m.p.  was  96-98*. 
The  2-benzoyl -3,5 -thionyl -1,4-anhydroxylite  was  soluble  in  acetone,  benzene  and  chloroform,  and  in  alcohol 
and  gasoline  when  heated. 

Found  C  50.43;  H  4.33;  S  11.79.  C12HUO4S.  Calculated  <511;  C  50.70;  H  4.20;  S  11.26. 

Tosyl  derivative  ~>f  xylitane  sulfite  (VII).  A  mixture  of  xylitane  sulfite  (10  g)  in  anhydrous  pyridine  (50  ml) 
and  p-toluenesulfonylchloride  (11  g)  was  kept  initially  at  0*  and  then  at  room  temperature.  After  12  hours  the  mix¬ 
ture  was  poured  into  water;  the  oil  which  separated  out  crystallized  when  washed.  The  crystals  were  washed  with 
cold  water  and  dried  in  a  vacuum  dryer  at  20*.  The  tosyl  derivative  was  very  readily  soluble  in  acetone  and  in 
chloroform,  readily  soluble  in  hot  alcohol  and  in  ether,  more  difficultly  soluble  in  benzene.  After  it  had  been 
recrystallized  from  alcohol  the  2 -tosyl -3, 5 -thionyl -1,4-anhydroxylite  (VII)  had  an  m.p.  of  60-61*. 

Found  %  C  43.33;  H  4.28;  S  19.50.  C^HmOtS.  Calculated  ‘Jfc:  C  43.11;  H  4.10;  S  19.10. 

Acetals  and  Ketals  of  Xylitane 

Methylene  xylitane  (VIIJ)was  obtained  by  heating  xylitane  with  paraformaldehyde  in  the  presence  of  con¬ 
centrated  hydrochloric  acid.  The  other  method,  heating  xylitane  with  37  formalin,  gives  low  yields,  pan  of 
the  xylitane  being  regenerated. 

0.11  mole  of  ground  and  sifted  paraformaldehyde  and  an  equal  weight  of  concentrated  hydrochloric  acid 
were  added  to  0.1  mole  of  xylitane.  The  mixture  was  carefully  stirred  and  heated  for  3  houn  in  a  container  with 
a  ground  glass  stopper  on  a  water  bath  (70-75*).  The  following  day  the  hydrochloric  acid  was  removed  under 
vacuum  at  50-60*  and  the  methylene  xylitane  was  then  distilled  at  138-139*  (0.5  mm)  in  the  form  of  a  colorless 
syrup  which  crystallized  during  distillation.  If  any  unreacted  paraformaldehyde  remained,  it  was  advantageous, 
prior  to  distillation,  to  dissolve  the  reaction  mass  in  alcohol,  after  removing  the  water  and  hydrochloric  acid 
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under  vacuum,  precipitate  the  paraformaldehyde  with  ethyl  ether  and  then  remove  the  solvent.  After  recrystal¬ 
lizing  from  alcohol  the  methylene  xylitane  had  an  m.  p.  of  77*. 

Found  %I  C  49,30;  H  7.20;  C8Hio04.  Calculated  C  49.32;  H  6.91. 

The  benzoyl  derivative  of  methylene  xylitane  (IX)  was  obtained  by  reacting  5  g  of  the  acetal  and  5  g  of 
benzoyl  chloride  in  pyridine  solution.  The  product  (yield  3.7  g  )  was  recrystallized  from  ethyl  alcohol;  it  had  the 
appearance  of  silky  needles  with  an  m.p.  of  113*.  The  substance  was  soluble  in  chloroform  and  acetone  but  in¬ 
soluble  in  water. 

Found  %;  C  62.37;  H  5.77.  C13H14O5.  Calculated  C  62.40;  H  5.68. 

Tosyl  ester  of  methylene  xylitane  (X)  A  1,5-fold  amount  of  p-toluenesulfonylchloride  was  added  to  a  so¬ 
lution  of  methylene  xylitane  in  ten-times  that  amount  of  anhydrous  pyridine;  the  mixture  was  left  for  a  day  and 
then  poured  into  water.  A  colorless  thick  oily  substance  separated  out  and  crystallized  when  washed.  After  it 
had  been  recrystallized  from  methyl  alcohol  the  substance  was  obtained  (yield  73  %)  in  the  form  of  needles,  readily 
soluble  in  acetone,  ether,  chloroform,  benzene,  ethyl  acetate  and  in  ethyl  alcohol  but  insoluble  in  water.  The 
m.p,  was  85*. 

Found  <70:  C  52.17;  H  5.49;  S  10.07.  CisHigOgS,  Calculated  C  51.98;  H  5.33;  S  10.06. 

Benzylidene  xylitane  (XI)  was  earlier  obtained  by  S.  N.  Danilov,  K.  V.  Levitsky  and  S,  I.  Guren  (at  the 
Leningrad  Technical  Institute)  by  reacting  xylitane  with  benzaldehyde  in  the  presence  of  hydrochloric  acid  (d 
1.19),  the  weight  of  the  latter  being  equal  to  that  of  the  xyliune.  After  it  had  been  recrystallized  from  boiling 
water  the  acetal  of  benzaldehyde  which  was  in  the  form  of  needles  had  an  m.p.  of  137-138*  (slightly  contaminated 
with  benzoic  acid).  We  obtained  the  best  yield  when  we  synthesized  it  by  heating  xylitane  (0.5  mole)  with  benz¬ 
aldehyde  (0.55  mole)  to  155-160*  for  3  hours  in  a  current  of  carbon  dioxide.  The  crystalline  substance  was  filtered 
and  washed  with  ethyl  ether.  The  substance  was  in  the  form  of  long  silky  needles  with  an  m.p,  of  139*.  The  yield 
was  up  to  60  %  of  the  theoretical,  Benzalxylitane  was  readily  soluble  in  ethyl  alcohol,  acetone,  chloroform,  ethyl 
acetate  and  dioxane;  it  dissolved  in  boiling  benzene  and  water,  coming  out  of  solution  again  on  cooling. 

Found  <55);  C  64.74;  H  6.56.  CUH14O4.  Calculated  °lai  C  64.80;  H  6.30. 

The  benzoyl  derivative  of  benzylidene  xylitane  (XII)  was  obtained  by  reacting  5  g  of  the  acetal  with  4.8 
g  of  benzoyl  chloride  in  25  ml  of  pyridine.  After  24  hours  the  solution  was  poured  into  cold  water.  After  they 
had  been  washed  crystals  of  the  benzoate  were  recrystallized  from  ethyl  alcohol.  6.8  g  (93  <55))  of  the  product  was 
obtained  in  the  form  of  shiny  plates;  the  m.p.  was  133*.  The  benzoate  was  soluble  in  benzene,  acetone  and  chlo¬ 
roform  but  insoluble  in  water. 

Found  C  70.33;  H  5.63.  C^jHigOj.  Calculated  C  69.93;  H  5.56. 

The  p-toluene  sulfonic  acid  (tosyl)  ester  of  benzylidene  xylitane  (XIII)  was  obtained  by  adding  5  g  of  p- 
-toluene  sulfonyl  chloride  to  a  solution  of  4  g  of  benzylidene  xylitane  in  50  ml  of  anhydrous  pyridine  cooled  to 
0*.  The  mixture  was  stirred  for  several  minutes  until  the  chlorohydrin  dissolved  and  was  left  for  a  day  at  room 
temperature.  The  mixture  was  poured  into  cold  water;  the  oil  which  separated  out  gradually  crystallized.  After 
it  had  been  recrystallized  form  ethyl  alcohol  4.6  g  of  a  crystalline  substance  in  the  form  of  fine  silky  needles  with 
an  m.p.  of  110*  was  obtained.*  The  tosyl  ester  of  benzylidene  xylitane  was  readily  soluble  in  gasoline,  chloroform, 
dichloroethane,  pyridine,  acetone  and  ethyl  ether  but  was  insoluble  in  water  and  only  dissolved  in  ethyl  alcohol 
with  heating. 

Found  C  60.75;  H  5.37;  S  8.25.  CisH^jOsS.  Calculated  C  60.55;  H  5.31;  S  8.38, 

The  acetone  compound  of  xylitane  (XIV)  was  obtained  (with  a  low  yield)  by  S.  N.  Danilov  and  S.  I.  Guren 
(at  the  Leningrad  Technological  Institute)  by  heating  a  mixture  of  xylitane  in  a  10-fold  amount  of  anhydrous 
acetone  with  1  <55)  sulfuric  acid  (d  1.84)  for  3  hours  (up  to  the  boiling  point  of  the  acetone).  The  m.p.  was  65-66*. 
We  obtained  optimum  results  by  heating  a  mixture  of  134  g  (1  mole)  of  xylitane  with  a  3-fold  amount  by  weight 
of  acetone  in  the  presence  of  80  g  of  freshly -calcined  copper  sulfate  for  20  hours  (up  to  the  boiling  point  of  the 
acetone).  After  the  acetone  had  been  distilled  the  light -yellow  syrup  was  distilled  under  vacuum.  The  b.p>  was 
127*  (0,4  mm).  The  distilled  substance  rapidly  crystallized.  After  it  had  been  r^crystallized  froma  mixture  of 
alcohol  and  ether  (1  ;  3)  the  acetone -xylitane  was  obtained  as  colorless  rhombiform  Crystals.  The  m.p.  was  65*. 
The  yield  was  51  ‘54».  The  acetone -xylitane  was  hygroscopic,  readily  soluble  in  water,  alcohols,  chloroform. 
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ethyl  acetate,  dloxane,  benzene  and  other  solvents  but  less  soluble  In  ethyl  ether. 

Found  C  55.07;  H  8.28.  C,Hi404.  Calculated  C  55.17;  H  8.01. 

The  benzoate  of  acetone -xylitane  (isopropyl tdene  xylitane)  (XV)  was  obtained  by  the  action  of  benzoyl 
chloride  (25  °/o  excess)  on  the  acetal  (3  g),  dissolved  in  12  ml  of  10  %  caustic  soda,  the  mixture  being  shaken  In 
a  container  with  a  ground  glass  stopper.  After  24  hours  the  benzoate  was  extracted  with  chloroform  and  the  mix¬ 
ture  was  washed  with  water  and  dried  with  potash.  The  colorless  vaseline -like  mass  obtained  after  driving  trff  the 
chloroform  crystallized  on  cooling.  A  solution  of  the  substance  In  anhydrous  hot  methyl  alcohol  deposited  crystals 
on  cooling  to  -6";  these  were  washed  with  cooled  methyl  alcohol  and  had  an  m.p.  of  79.5-80*.  The  benzoate  of 
isopropylidene  xylitane  was  readily  soluble  in  chloroform,  benzene  and  acetone,  more  difficulty  soluble  in  alco¬ 
hols  and  ethyl  ether  and  insoluble  In  water.  The  yield  was  53  %. 

Found  %;  C  64.61;  H  6.65.  CisHuOj.  Calculated  %;  C  64.71;  H.6.48. 

The  tosyl  ester  of  acetone -xylitane  (XVI)  was  obtained  in  a  similar  manner  to  the  tosyl  esters  of  methylene - 
and  benzylidene  xylitane.  1.9  g  of  a  crystalline  product  was  obtained  from  2  g  of  acetone -xylitane  and  was  recrys¬ 
tallized  from  ethyl  alcohol;  the  m.p.  was  84*.  The  substance  was  soluble  in  acetone,  benzene,  chloroform  and 
alcohols;  it  was  insoluble  in  water. 

Found  <70!  C  54.96;  H  6.23;  S  9.57.  C^H^OgS.  Calculated  C  54.86;  H  6.09;  S  9.75. 

The  cyclohexylidene  derivative  of  xylitane  •  was  obtained  by  reacting  30  g  of  xylitane  with  27  g  of  freshly- 
distilled  cyclohexanone  in  40  g  of  ethyl  ether  (which  gives  better  results  than  in  a  solution  of  dioxane)  in  the 
presence  of  2  ml  of  concentrated  sulfuric  acid,  the  mixture  being  shaken  for  10  hours.  The  liquid,  which  con¬ 
sisted  of  two  layers,  was  neutralized  with  dry  sodium  bicarbonate.  After  the  ethyl  ether  and  excess  cyclohexanone 
had  been  distilled  a  pale -yellow  thick  liquid  remained;  this  was  distilled  under  vacuum.  Cyclohexylidene  xyli¬ 
tane  (yield  63  ^o)  was  a  colorless  viscous  liquid  with  a  pleasant  odor. 

The  b.p.  was  155-158*  (0.5  mm),  n^  1.5032. 

Found  Vo:  C  61.38;  H  8.67.  CiiHjgOg.  Calculated  Vo:  C  61.68;  H  8.41. 

Analyses  showed  that  it  corresponded  to  3,5 -cyclohexylidene -1,4-anhydroxylite  (XVII). 

Benzoyl  cyclohexylidene  xylitane.  20  g  of  freshly-distilled  cyclohexylidene  xylitane  was  dissolved  in  100 
ml  of  anhydrous  pyridine  and  17  ml  of  benzoyl  chloride  added  to  the  solution.  After  48  hours  the  mixture  was 
separated  from  the  crystals  of  pyjidine  hydrochloride  and  poured  into  water  containing  ice.  The  vaseline -like 
mass  which  formed  crystallized  rapidly  when  washed.  After  it  had  been  recrystallized  from  absolute  methanol  it 
was  obtained  as  fine  needles  with  an  m.p.  of  104-105*.  The  yield  was  72  V>.  The  product  was  readily  soluble  in 
benzene,  chloroform,  acetone  and  carbon  tetrachloride,  and  in  petroleum  ether,  alcohol  and  ethyl  ether  when 
boiled.  From  analyses  made,  the  substance  was  2-benzoyl -3,5 -cyclohexylidene -1,4-anhydroxylite  (XVIII). 

Found  Vo:  C  68.37;  H  6.96.  CjgHjjOs.  Calculated  Vo:  C  68.00;  H  6.92. 

The  tosyl  ester  of  cyclohexylidene  xylitane  •  was  obtained  as  in  the  case  of  the  above -described  acetals 
(17  g  of  the  acetal  was  mixed  with  cooling  with  7.7  g  of  toluenesulfonyl  chloride,  30  g  of  anhydrous  pyridine, 
the  mixture  being  kept  for  24  hours  at  room  temperature).  When  the  mixture  was  poured  into  water  a  vaseline - 
like  mass  was  formed  which  later  crystallized.  After  it  had  been  recrystallized  twice  from  methyl  alcohol  the 
2-tosyl  -3,5 -cyclohexylidene -1,4-anhydroxylite  (XIX)  had  an  m.p.  of  96*.  The  tosyl  ester  dissolved  in  hot  methyl 
and  ethyl  alcohol,  in  acetone  and  benzene  but  was  insoluble  in  water. 

Found  Vo:  C  58.59;  H  6.58;  S  8.73,  8.39.  CigH^jOgS.  Calculated  lot  C  58.82;  H  6.28;  S  8.69. 

Urethane  of  3,5 -isopropylidene -1,4-xylitane.  1.5  g  of  acetone -xylitane  was  dissolved  in  2  ml  of  anhydrous 
chloroform;  1.1  g  (10  Vo  excess)  of  freshly-distilled  phenyl  isocyanate  was  added.  The  mixture  was  heated  in  a 
sealed  ampoule  on  a  water  bath  for  6  hours.  After  they  had  been  cooled,  the  contents  of  the  flask  were  poured 
into  100  ml  of  petroleum  ether.  When  agitated  in  petroleum  ether  the  oily  layer  thickened  and  acquired  the  con¬ 
sistency  of  a  viscous  mass;  the  latter  was  washed  with  three  amounts  of  petroleum  ether  and  dissolved  in  a  small 
amount  of  ethyl  ether.  The  solution  rapidly  crystallized.  After  it  had  been  dried  in  a  vacuum  desiccator  the  2- 
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-carbanUo-3,5-isoj»ropylIdene-l,4-xylItane  (XX)  had  an  m.p.  of  107-108*. 

Found  'Jfci  C  60.85;  H  7.41;  N  4.96,  4.75.  CisHjjOjN.  Calculated  %:  C  61.43;  H  7.48;  N  4.77. 

The  urethane  of  benzylldene  xylitane  was  obtained  in  a  similar  manner,  in  the  form  of  a  finely -crystalline 
powder  with  an  m.p.  of  197-198*.  It  was  2-carbanilo-3,5-benzylidene-l,4-xylitane  (XXI). 

Found  C  66.95;  H  6.04;  N  4.47.  C^HsOsN.  Calculated  ”k  C  6^.80;  H  5.57;  N  4.10. 

I 

Hydrolysis  of  the  acetal  groups.  5  g  of  the  benzoate  of  isofxopylidene  cyclohexylidene  xylitane  was  covered 
with  25  ml  of  80  %  acetic  acid  and  heated  for  45  minutes  in  a  flask  with  a  reflux  condenser  on  a  water  bath.  After 
it  had  been  cooled,  the  acetic  acid  was  distilled  under  vacuum  and  the  residue  extracted  with  chloroform;  it  was 
first  washed  with  dilute  alkali,  then  with  water  followed  by  drying  with  sodium  sulfate.  After  the  solvent  had  been 
distilled  off  the  product  was  recrystallized  from  anhydrous  ethyl  alcohol.  Xylitane  monobenzoate  was  a  finely 
crystalline  powder  soluble  in  organic  solvents  in  the  cold  and  in  water  with  slight  heatings 

The  same  monobenzoate  (XXII),  which  after  recrystallizing  twice  from  alcohol  had  an  m.p.  of  91 -92*, was 
obtained  in  both  instances.  The  analyses  of  the  monobenzoate  are  given  below. 

Monobenzoate,  obtained  after  removal  of  the  acetone  group  in  benzoyl  acetone -xylitane; 

Found  %:  C  59.95;  59.89;  H  6.19,  5.97.  CjBHi4p5.  Calculated  C  60.40;  H  5.88. 

Monobenzoate,  obtained  after  removal  of  the  cyclohexylidene  group  in  benzoyl  cyclohexanone -xylitane. 

Found  C  60.34,  60.62;  H  5.74,  5.70;  C^HmOs.  Calculated  C  60.40;  H  5.88. 

To  eliminate  the  possibility  that  the  benzoyl  group  might  be  located  in  the  5  position  we  oxidized  the  benz¬ 
oate,  obtained  from  the  benzoate  of  the  acetone  derivative,  with  lead  tetraacetate  but  in  spite  of  the  prolonged 
action  of  this  oxidizing  agent  in  glacial  acetic  acid  at  45*  (48  hours)  the  main  mass  of  the  substance  was  recovered 
unchanged  and  only  a  small  amount  of  the  oxidizing  agent  was  consumed.  The  sample  of  the  benzoate  from  the 
cyclohexylidene  derivative  of  xylitane  was,  therefore,  not  oxidized  by  lead  tetraacetate;  this  confirms  that  the 
benzoyl  group  is  located  at  the  2  carbon  atom  and  the  acetyl  groups  between  the  3  and  5  carbon  atoms  in  the  benz¬ 
oates  of  the  corresponding  acetals. 

To  remove  the  acetyl  groups,  in  the  case  of  the  tosyl  derivatives  of  xylitane  when  the  substance  was  heated 
on  a  boiling  water  bath  or  with  3  ‘^hydrochloric  acid  (for  the  tosyl  derivative  of  acetone -xylitane  with  an  m.p. 
of  84*)  or  with  aqueous  acetic  acid  (for  tosylbenzylidene  xylitane  with  an  m.p.  of  110*)  the  product  was  partially 
hydrolyzed  with  the  formation  of  xylitane  or  was  in  the  main  unchanged.  This  indicates  that  the  tosyl  group  has 
a  stabilizing  influence  on  the  acetal  and  ketal  groups. 

2.  Chlorohydrin  of  Xylitane  and  Dianhydride  of  Xylite 
(Investigation  by  N.  S.  Tikhomirova -Sidorova) 

Since  A.  N.  Shirshova  did  not  succeed  in  obtaining  ccxisiderable  yields  of  1,4 -2,5 -xylite  dianhydride  when 
heating  1,4-xylitane  with  aqueous  and  crystalline  oxalic  and  phosphoric  (concentration  89  %)  acids  at  120-140* 
this  anhydride  was  prepared  via  xylitane  chlorohydrin  by  the  previously  described  method  [1]  with  some  modifi¬ 
cations. 

To  obtain  xylitane  chlorohydrin  a  weighed  samite  of  xylite  or  xylitane  was  treated  in  the  presence  of  calcined 
magnesium  sulfate  by  mixing  with  a  strong  current  of  hydrogen  chloride  on  a  water  bath  at  105*  until  the  theo¬ 
retical  increase  in  weight  had  been  obtained.  After  it  had  been  neutralized  with  alkali  the  brown  sirupy  product 
was  dried  with  calcined  magnesium  sulfate  in  anhydrous  alcbholic  solution  and  distilled  three  times  under  vacuum. 
After  it  had  been  seeded  with  a  crystal  of  chlorohydrin  the  sirup  obtained  crystallized  out  in  1-2  days;  it  had  an 
m.p.  of  48-49*  (from  ethyl  acetate). 

B.  p.  160-161*  (2  mm),  140-141*  (0.3  mm),  df  1.3722,  ng  1.5030,  MRp  32.85;  Calc.  32.54. 

To  characterize  the  chlorohydrin  its  urethane  and  tosyl  ester  were  obtained. 

Ditosyl  ester  of  xylitane  chlorohydrin.*  10  g  of  xylitane  chlorohydrin  in  100  ml  of  pyridine  and  31  g  of 
•  Together  with  G.  E.  Ustyuzhanin. 
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p-toluenesulfonyl  chloride  were  left  at  0“  for  12  hours.  The  precipitated  pyridine  hydrochloride  was  filtered  and 
the  pyridine  was  distilled  under  vacuum  at  25-30"  until  Its  volume  had  been  reduced  to  1/ 3rd,  Asmall  amount 
of  water  was  added  to  the  residue.  After  several  hours  the  oily  layer  had  almost  completely  crystallized.  More 
water  was  added.  The  crystalline  precipitate  was  filtered  and  washed  with  cold  methyl  alcohol.  After  it  had  been 
recrystallized  twice  from  methyl  alcohol  16  g  (31  %)  of  2,3-ditosyl-5-chloro-l,4-anhydroxylite  (XXIV)  with  an 
m.p.  of  102*  was  obtained;  after  further  recrystallizations  the  m.p.  was  104*. 

Found  <70:  C  49.58,  49.26;  H  4.75,  4.80;  a  7.48;'  S  13.73.  CuHjiOrSja.  Calculated  °k  C  49.50;  H  4.59; 

a  7.69;  S  13.91. 

Monophenylurethane  of  xylitane  chlorohydrin  (XXV).  A  mixture  of  1  mole  of  the  crystalline  chlorohydrin 
and  1.15  mole  of  j^enyl  isocyanate  was  heated  for  5  minutes  in  a  sealed  vessel  on  a  boiling  water  bath  and  left 
to  crystallize.  After  standing  for  some  time  in  a  desiccator  the  crystallized  faroduct  was  extracted  with  boiling 
petroleum  ether  (b.p.  80-100*)  and  was  then  crystallized  from  ethyl  ether.  When  the  colorless  crystalline  sub¬ 
stance  was  carefully  washed  with  ether  and  dried  it  had  an  m.p.  of  137-138*,  and  by  analysis  corresponded  to  the 
monophenylurethane  of  xylite  chlorohydrin. 

Found  C  53.03;  H  5.16;  N  5.82;  a  13.00.  Ci2Hi404Na.  Calculated  %  C  53.13;  H  5.15;  N  5.16; 

a  13.07. 

The  position  of  the  carbonyl  group  was  unknown  (in  the  2  or  3  position  ? ). 

Diphenylurethane  of  xylitane  chlorohydrin  (XXIII).  To  synthesize  the  diurethane  of  xylitane  chlorohydrin 
a  mixture  of  0.5  g  of  chlorohydrin  (1  mole),  1.2  g  of  j^enyl  isocyanate  (3  moles)  and  3  ml  of  benzene  were  heated 
in  an  ampoule  to  150*  for  2  hours.  The  reaction  mixture  crystallized  when  cooled.  The  crystalline  product  ob¬ 
tained  was  washed  free  from  benzene  and  excess  phenyl  isocyanate  by  boiling  with  ethyl  ether  and  then  with  petro¬ 
leum  ether.  The  dried  white  powdery  substance  was  recrystallized  from  alcohol.  The  precipitate  separated  out 
when  the  filtrate  was  diluted  with  water.  After  it  had  been  dried  over  phosphorus  pentoxide  in  a  vacuum  desiccator 
the  pure  substance  had  an  m.p.  of  151-152*  and  by  analysis  corresponded  to  the  diurethane  of  xylitane  chlorohy¬ 
drin,  i.e.  it  was  l-chloro-3,4-dicarbanilo-l,4-anhydroxylite. 

Found  %  C  58.21;  H  5,05;  N  7,41.  CijHigOjNja.  Calculated  %i  C  58.38;  H  4.86;  N  7.17. 

A  yield  of  78  %  of  the  diurethane  of  chlorohydrin  with  the  above-mentioned  properties  was  also  obtained 
by  heating  1  mole  of  chlorohydrin  and  3  moles  of  phenyl  isocyanate  to  120*  for  5  hours  in  an  ampoule  without  a 
solvent. 

1,4-2, 5 -Xylite  dianhydrIde  was  synthesized  with  a  yield  of  78  %  by  reacting  xylitane  chlorohydrin  with 
sodium  methylate  in  the  cold  in  dioxane.  The  dianhydride  was  a  transparent  colorless  liquid  with  a  faint  odor, 
readily  soluble  in  water  and  organic  solvents. 

B.  p.  120-121*  (11  mm);  115-116*  (6  mm);  103*  (2  mm);  92*  (1  mm);  d*®  1.2895,  ng  1.4802,  MRp  25.56; 

Calc.  25.76. 

Found  %  C  51.61;  H  7.25;  OH  15.49.  CgHgOj.  Calculated  %  C  51.70;  H  6.90;  OH  14.65. 

Acetic  and  benzoic  esters  of  l,4-2,5 -xylite  dianhydride.  To  obtain  the  acetic  ester  (XXII)  5  g  of  the  dian¬ 
hydride  was  heated  with  1.5  g  of  freshly-melted  sodium  acetate  in  10  g  of  acetic  anhydride  for  12  hours  on  a  water 
bath.  It  was  poured  into  water,  extracted  with  ether,  washed  with  a  solution  of  alkali  and  dried.  The  m.p.  was 
92*  (4  mm),  ng  1.4572. 

Found  %,  C  53.22;  H  6.74.  C7H10O4.  Calculated  C  53.16;  H  6.63. 

The  benzoate  of  the  l,4-2,5 -dianhydride  (XXIII)  was  obtained  by  treating  the  dianhydride  with  benzoyl 
chloride  in  anhydrous  pyridine  for  a  day.  The  chloroform  extract  was  washed  with  dilute  hydrochloric  acid,  alkali 
and  water,  then  dried  with  magnesium  sulfate.  The  crystalline  mass  of  the  benzoate  was  recrystallized  from 
alcohol;  the  crystals  obtained  were  fine  needles  with  an  m.p.  of  84*. 

Found  %  C  65.29;  H  6.75.  Ci2Ha04.  Calculated  °/oi  C  65.45;  H  5.45. 

The  tosyl  ester  of  the  dianhydride  (XXIX)  was  obtained  by  the  action  of  excess  toluenesulfonyl  chloride  in 
anhydrous  pyridine.  After  a  day  the  mixture  was  poured  into  cold  water;  the  white  powdery  precipitate  formed 
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was  carefully  washed,  dried  under  vacuum  and  recrystallized  from  ethyl  alcohol;  it  had  an  m.p.  of  96-97*  (rhom¬ 
bic  crystals). 

Found  %  C  53.99;  H  5.34;  S  11.87.  CuHi^OjS.  Calculated  %  C  53.34;  H  5.19;  S  11.80. 

Phenylurethane  of  the  dianhydride  (XXX).  After  a  mixture  of  dianhydrlde  and  phenyl  isocyanate  had  been 
kept  at  room  temperature  for  2  days  the  phenylurethane  was  precipitated  from  the  mixture;  it  was  recrystallized 
from  ethyl  alcohol.  The  m.p.  was  114*. 

Found  %  C  61.71;  H  5.56;  N  6.22.  CuHu04N.  Calculated  C  61.30;  H  5.54;  N  6.00. 

SUMMARY 

1.  The  crystalline  triphenylmethyl  ester  and  tritosyl  esters  were  synthesized  from  1,4-xylitane. 

2.  Treatment  of  1,4-xylitane  with  thionyl  chloride  did  not  result  in  chlorination  but  in  the  formation  of 
its  crystalline  sulfite,  characterized  by  the  synthesis  of  the  acetate,  the  benzoate  and  the  tosyl  ester. 

3.  The  monomethylene,  monobenzylidene,  monoisopropylidene  and  monocyclohexylidene  derivatives  of 
1,4-xyliune  were  prepared  and  characterized  in  the  form  of  the  acetates,  benzoates,  tosyl  esters  and  urethanes. 
Evidence  was  obtained  in  favor  of  the  fact  that  in  the  acetals,  ketals  and  sulfite  of  1,4-xylitane  the  acetals  and 
keuls  are  in  the  3,5  position. 

4.  The  method  of  obtaining  1,4-xylitane  chlorohydrin  and  1,4 -2,5 -xylite  dianhydride  was  imjwoved  and 
their  esters  and  urethanes  were  obtained. 

5.  The  structure  assumed  for  the  described  substances  was  confirmed  by  hydrolysis  of  the  tosyl  and  benzoic 
esten  of  the  xyliune  acetals  and  keuls. 

LITERATURE  CITED 

[1]  S.  N.  DanUov,  V.  F.  Kazimirova,  J.  Gen.  Chem.  23,  CoU.  II,  1646  (1953)  * 

[2]  Carson,  Maclay,  J.  Am.  Chem.  Soc.  67,  1808  (1945). 

Received  February  8,  1956  Institute  of  High-Molecular  Compounds 

Academy  of  Sciences  USSR 


*  Original  Russian  pagination.  See  C3.  Translation. 


2506 


THE  POLYMERIZATION  OF  UNSATURATED  ORG  A  NOSILICON  COMPOUNDS 

UNDER  PRESSURE 


V.  V,  Korshak,  A.  M.  Polyakova,  A.  A.  Sakharova,  A.  D.  Petrov, 
V,  F.  Mironov",  V.  G.  Glukhovtsev  and  G.  I.  Nikishin 


In  previously  published  articles  [1-3]  the  results  were  given  of  investigations  on  the  polymerization  and 
copolymerization  of  a  considerable  number  (47)  of  different  mono-  and  polyalkenylsilanes.  The  tendency  to 
polymerize,  with  and  without  the  application  of  pressure, of  a- -,y-,  6 - ,and  e  -alkenyl-  and  cyclopentadienyl- 
silanes  was  studied.  It  was  established  that  the  tendency  of  alkenylsilanes  to  polymerize  is  determined  both  by 
the  character  of  the  double  bond  and  its  position  with  respect  to  the  silicon  atom.  Silicoolefins  with  ethyl  groups 
at  the  silicon  atom  were  found  to  be  more  active  in  a  polymerization  reaction  than  those  containing  methyl  groups 
in  the  same  position.  This  fact  was  explained  by  the  presence  of  5.5 -conjugation  in  alkenylsilanes  with  ethyl 
groups  at  the  silicon  atom.  Alkenylsilanes  with  a  primary -secondary  multiple  bond  polymerize  more  easily  than 
alkenylsilanes  containing  a  primary -tertiary  or  secondary -secondary  bond. 

In  many  examples  it  was  found  that  the  tendency  of  silicoolefins  to  polymerize  decreases  with  the  move¬ 
ment  of  the  multiple  bond  from  the  a-  to  the  6 -position  with  respect  to  the  silicon  atom  and  increases  again  with 
further  removal  from  it.  The  greatest  activity  in  a  polymerization  reaction  is,  therefore,  possessed  by  those  forms 
which  are  the  least  reactive  with  respect  to  the  addition  of  (CNSjj,  X2,  HX  etc.  y-,  5-  and  c  -alkenylsilanes 
polymerize  with  the  formation  of  oils  of  different  consistency,  including  highly -viscous  types.  A  difference  in 
the  results  of  polymerization,  with  and  without  the  use  of  pressure  was  shown.  Finally,  a  number  of  copolymers 
of  alkenylsilanes  with  methylmethacrylate  and  styrene  were  obuined  and  their  thermomechanical  properties  were 
determined. 

The  present  investigation  is  the  continuation  and  extension  of  this  work.  We  investigated  the  tendency  of 
both  mono-  and  dialkenylsilanes  to  polymerize  under  pressure  under  standard  conditions  (in  the  {devious  commu¬ 
nication  [3]  mention  was  already  made  of  three  bis-trialkylsilylalkenes).  Of  the  monoalkenylsilanes  ,we  investi¬ 
gated  alkylvinylsilanes  with  the  general  formula  R3SiCH=CH2  where  R=  CHs,  C2H5,  CjH^  and  C4H9. 


TABLE  1 


Formula  of  the 
siUcoolefin 

Pressure 
(in  atm) 

Ctmcen- 

trationof 

initiator 

(mole 

Polymerization  products 

External  ap¬ 
pearance  of 
polymer  ob¬ 
tained 

Yield 
(as  ‘jfc) 

Molectt- 
lar  weigh 

(mea^ 

Coefficient 
of  polymeri¬ 
zation 

(CH,LSICH-=CH,  . 

6000 

0.65  1 

Thick  viscous 

73 

1173 

12 

colorless  oil 

(C,HjLS'CH=CH, . 

6000 

0.66 

The  same 

47 

2597 

18 

(C,H  .),SICH=CH,  • . 

1 

1.09 

The  same 

9 

1055 

7.4 

(aH:)3SiCH=CH, . 

6000 

0.66 

The  same 

20 

1969 

11 

. . 

6000 

0.66 

The  same 

47 

3460 

15 

(C,Hs>,SiCH,CH-CH,  •  .  .  .  . 

6000 

0.66 

Colorless 

10 

637 

4 

1 

oU 

•  Previously  investigated  under  somewhat  different  conditions  [3], 
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The  results  of  the  investigation,  given  in  Table  1,  confirm  the  laws  previously  established  by  us  [3],  For 
example,  alkyl vinylsilanes  polymerize  far  more  easily  than  alkylallylsilanes.  All  the  investigated  alkylvinyl- 
silanes  formed  very  viscous  oils  as  a  result  of  polymerization  whereas  the  corresponding  alkylallylsilanes  poly¬ 
merized  to  form  mobile  oily  liquids  with  a  considerably  lower  polymerization  coefficient  than  the  polymers  of 
alkylvinylsilanes.  We  also  had  an  opportunity  of  observing  the  influence  of  various  radicals  on  the  behavior  of 
vinylsilanes  in  a  polymerization  reaction.  As  would  be  expected,  trlethylvinylsilane  has  the  maximum  polymeri¬ 
zation  coefficient  of  the  trialkyl  vinylsilanes.  The  tendency  to  polymerize  falls  with  the  transition  to  trimethyl- 
vinylsilane  and  tripropylvinylsilane  and  increases  again  with  tributylvinylsilane.  The  positive  influence  of  ethyl 
groups  on  the  polymerization  capacity  of  silicoolefins  was  also  shown  by  the  examples  of  ethyldimethylisocrotyl- 
silane  and  ethyldimethylpropenylsilane  (Table  2). 


TABLE  2 


Formula  of  the 
silicoolefin 


(C,H.XCHJ,SiCH=^(CHj),  .  . 

(C,HJ(CHJ,SiCH=CHCH,  .  . 
(CH,>,SiC=CHCH, . 


CH, 

(CH,LSiC=CHCH, 


CH, 

(CHJ,SiCHCH=CHCH, . 


CH, 

(CH,)3iC=CHCH,OCH,CH,CN  . 
CH, 

(C,H,),SiC=CHCH,(X:H,CH,CN 

I 

CH, 

(CHdiSiC=CHCH,OH . 


CH, 

(C,H,XCH,',SiCH=CHC.H, 
(CH,);,SK:=CH, . 


C,H. 

-C,„H,SXCH,CH=CH,L*  .  . 
«-C,oH,SKOCH,CH=CH,>,  *  .  . 


Pressure 
(in  atm,) 

Concen¬ 
tration  cf 
initiator 
(mole 

6000 

1 

6000 

1 

6000 

3 

1 

3 

6000 

1 

6000 

1 

6000 

1 

6000 

1 

6000 

1 

6000 

1 

6000 

1 

6000 

1 

6000 

1 

PolymerlzaticMi  products 


External  ap¬ 
pearance  of 
polymer 
obtained 


Yield 

(as 


Molecu¬ 
lar  wt. 
(mean) 


Not  polymerized 
I  I 

Not  polymerized 
Yellowish  I  8S  I  317 

liquid  I  I 

Not  polymerized 

lilot  polymerized 


Polymeri¬ 
zation  co¬ 
efficient 


Yellowish 

liquid 


6.5 


441 


Not  polymerized 


Thick  orange  4.4 
mass 


475 


Not  polymerized 
Not  polymerized 


Jelly-like  - 
mass 

The  same 


15 

31 


Trimer 

Trimer 


Not  polymerized 


Whereas  neither  of  these  compounds  takes  part  in  the  polymerization  reaction,  similar  compounds  containing 
(C2H5)3Si -radicals  instead  of  (C2H5XCH3)2Si- groups,  formed  polymers,  a  tetramer  and  a  dimer,  respectively  [3], 

The  examples  of  silicoolefins  also  demonsaated  the  general  laws  established  for  unsaturated  compounds  (sub¬ 
stituted  ethylenes).  We  showed  (Table  2),  for  example,  that  6 -(propyldimethylsilyl)-stytene  cannot  polymerize. 
The  structural  analog  of  a -methylstyrene  — a-(trimethylsilyl)-styrene  —  does  not  polymerize  according  to  the 
radical  mechanism  either. 

The  steric  hindrances  found  in  the  case  of  a -methylstyrene  are  intensified  with  a -(trimethylsilyl) -styrene; 
the  latter  does  not  polymerize  even  under  high  pressure,  in  contrast  to  a -methylstyrene  which  forms  vitreous  poly¬ 
mers  under  pressure. 

The  steric  hindrances  resulting  from  the  presence  of  the  naphthyl  radical  result  In  the  fact  that  a- 
-CjoH7Si(CH2CH=CH2)s  and  a-CjjH7Si(OCH2CH=  CHxJj  (Table  2)  do  not  polymerize  comid.etely  into  solid  vitreous 
products  —  trimers,  chracteristic  for  polyalkenylsilanes  with  aliphatic  radicals  at  the  silicon  atom  —  but  form 
jelly-like  polymers  with  a  15  and  31  %  content  of  solid  trimer. 


•  Synthesized  by  P.  S,  Sanin. 


I 
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From  our  investigations  on  disilanes  (Table  3)  capable  of  polymerization  it  was  found  that  only  1,2-bls- 
-(trimethoxylsilyl)-ethylene  formed  a  hexamer;  an  analogous  monomer  with  methyl  groups  instead  of  methoxyl, 
does  not  polymerize  [3].  In  agreement  with  the  general  laws  found  for  substituted  ethylenes,  l-methyl-2-bis- 
-(trimethylsilyl) -ethylene  (a  1,2 -substituted  ethylene)  cannot  polymerize  whereas  l,l-bis-(trimethylsilyl)-ethyl- 
ene  (a  1,1-substituted  ethylene)  which  we  previously  [3]  investigated  formed  a  pentamer.  3,4-bis-(trimethylsilyl) 
-2-butene  which  has  a  symmetrical  structure,  also  does  not  polymerize. 

TABLE  3 


Pres- 

Formula  of  the  silicoolefin  sure 
(in 
atm.) 


ts 


Polymeri¬ 
zation  co¬ 
efficient 


(CH,0),SiCH=CHSi(OCH,), .  6000 


dark  oil  -  17  787 


.  6000 

(CHJiSiCH=CSi(CH,), . .  .  6000 

CH, 

(CH,i,SiCH,CH=CHCH,Si(CH,),  .  .  .  6000 

(C,HJ:3iOCH,CH=CSi(C,HJ,  ....  6000 


Not  polymerized 
Not  polymerized 

I  1 

Not  polymerized 
Not  polymerized 


TABLE  4 


Formula  of  silicoolefin 


Rressute 

(in 

atmO 


obtained 


(CH,0),SiCH=CHCI 


(CH,0),SiCCI=CH, 


(CH,0),SiCCl=CH, 

(CH0i3iCH,C=CH, 

CH,CI 

(CHJ,SiCH,C-CH, 


CHjCI 

Ca,SiCH,CH=CH, . 
CCl,Si(CH,CH=CH,), 


n-C,H,)HSi(CH,C=CH,K 


isO~C,H,)HSi(CH,CH=CH,), 


n-C4H,)HSi(CH.CH=CH,), . 
iso-  K:,H.)HSi(CH,CH=CH,), 
CH,  CH. 

I  ^Si(CH,CH=CH,K  . 
chTCh, 


Dark  mass 

Dark  viscous 
mass 

The  same 

Dark  mass 

The  same 

Not 

Colorle^ 

resin 

Viscous, 
transparent , 
colorless 
resin 

Tran  parent 
colorless 
glass 

The  same 

The  same 

The  same 


67  Dissolves  partially 
in  benzene 


polymerized 
29  I  Trimer 


Trimer 

Trimer 


Trimer 

Trimer 


In  addition  to  silicohydrocarbon  compounds  we  also  studied  silicoolefins  containing  halogen  (Table  4).  Of 
these  compounds,  l-trimethoxysilyl-2-chloroethylene  formed  a  trimer;  meanwhile,  it  had  been  previously  [3] 
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established  that  l-trialkylsilyl-2-chloroethylene  cannot  polymerize.  This  fact,  like  that  mentioned  above  in  the 
case  of  disilanes,  indicates  the  positive  influence  of  alkoxyl  groups  on  the  polymerization  capacity.  At  the  same 
time  a  comparison  of  the  polymerization  results  of  chloroalkenylsilanes  (trichloroallylsilane  and  dichlorodiallylsilane) 
(Table  3)  on  the  one  hand,  and  the  corresponding  alkylalkenylsilanes  [3]  on  the  other  hand,  indicates  that  the  chlorine 
atoms  connected  with  the  silicon  atom  exert  a  negative  influence  on  the  polymerization  capacity. 

The  investigation  of  the  dialkenylsilanes,  such  as  (C8H7)HSi(CHjC=  CH|)2,  (n-C4H9)HSi(CH|CH=  CHi)*  and 

I 

CHj 

others  (Table  4)  confirmed  the  facts  [3,  4]  which  we  had*  repeatedly  noted,  namely  that  alkenylsilanes  with 
methallyl  radicals  at  the  silicon  atom  have  a  lesser  tendency  to  polymerize  than  the  corresponding  alkenylsilanes 
containing  allyl  radicals  in  the  same  position. 

Propyl dimethallylsilane  forms  an  85  %  soluble  polymer  (octamer)  in  contrast  with  other  diallylsilanes  which 
polymerize  conpletely  into  trimers. 

EXPERIMENTAL 

The  investigation  of  the  polymerization  of  silicoolefins  was  carried  out  by  the  previously  described  method 
[1,  3]  with  slight  alterations  in  the  conditions.  The  freshly -distilled  monomer  was  heated  for  6  hours  at  120*  under 
pressure  of  6000  atm.  in  the  jx'esence  of. a  polymerization  initiator,  tertiary  butyl  peroxide.  Experiments  without 
the  use  of  pressure  were  carried  out  for  comparative  purposes.  The  polymers  obtained  were  purified  by  removing 
the  unreacted  monomer  under  vacuum.  The  molecular  weight  was  determined  by  the  cryoscopic  method  in  benz¬ 
ene. 


SUMMARY 

1.  The  influence  of  various  radicals  at  the  silicon  atom  on  the  degree  of  polymerization  of  trialkylvinyl- 
silanes  was  shown.  It  was  established  that  compounds  containing  ethyl  and  methoxyl  groups  at  the  silicon  atom 
have  a  greater  tendency  to  polymerize  than  analogous  compounds  with  other  radicals  (methyl,  propyl,  etc.).  ' 

2.  The  laws  concerning  the  influence  of  substituents  on  the  tendency  of  substituted  ethylenes  to  polymerize, 
which  were  established  for  hydrocarbon  monomers,  were  confirmed  by  the  examj^es  of  silicoolefins. 
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CONDENSATION  OF  A*-T 
TRANSFORMATION 


ETRAHYDROBENZALDEHYDES  WITH  ACETONE 
OF  THE  PRODUCTS  OF  THIS  CONDENSATION 


AND 


I.  N.  Nazarov,*  G.  P.  Kugatova,  and  G'.  A.  Laumenskas 


A  large  number  of  studies  [1-3]  have  been  devoted  to  the  condensation  of  aldehydes  with  acetone  under  die 
influence  of  alkaline  agents.  Of  especial  interest  is  the  condensation  of  various  substituted  tetrahydrobenzaldehydes 
with  acetone,  since  the  products  of  this  condensation  —  analogs  and  homologs  of  8  -lonone  [4,5]  —  can  be  used  as 
intermediates  in  the  synthesis  of  analogs  and  homologs  of  vitamin  A.  The  most  ccMivenient  method  of  obtaining 
a’- tetrahydrobenzaldehydes  are  diene  condensations,  which  were  utilized  by  us  in  the  present  study. 

The  heating  of  an  equimolar  mixture  of  isoprene  and  trans-piperylene  with  acrolein  or  crotonaldehyde  in 
a  metal  ampul  at  170-220*  for  2.5  hrs  gave  the  corresponding  A^-tetrahydrobenzaldehydes  (I),  (II)  and  (ni)  in 
60-80<^  yield,  used  by  us  to  mn  the  contemplated  investigations. 


/\-CHO  /\-CHO 


CH, 

I 


H,C 


/\/ 

(I) 


(ID 


\/\ 

(III) 


CH, 


In  the  presence  of  dilute  sodium  hydroxide  solution  at  a  temperature  cf  —2  to  —5*  these  aldehydes  enter 
Into  the  aldol  condensation  with  acetone  and  give  the  corresponding  keto  alcohols  (IV)  in  60-70<)(>  yield,  the  de¬ 
hydration  of  which  with  potassium  bisulfate  gave  the  unsaturated  ketones  (V)  in  high  yield.  In  contrast  to  die 
starting  aldehydes  (I-III)  the  unsaturated  ketones  (V)  are  easily  hydrogenated  with  Pd  catalyst,  absorbing  2  moles 
of  hydrogen  with  transformation  into  the  saturated  ketones  (VI).  The  keto  alcrdiols  (IV)  are  also  easily  hydrogenated 
in  the  presence  of  palladium  catalyst  to  yield  the  saturated  keto  alcohols  (VII),  the  dehydration  of  which  yields 
the  unsaturated  ketones  (VIII)  In  about  80<^  yield,  and  the  latter  on  hydrogenation  yield  the  above  mentioned 
saturated  ketones  (VI). 


R 

R 

R 

1 

CH,C0CH3^ 

1 

1  ^^j-CHOH-CHjCOCH, 

/\r, 

(IV) 

R 

1 

KHSO, 

I 

Y  CH=CHCOCH, 

R 

1 

(NaOH)  ^ 

R' 

R' 

II  1 

|/\/\r, 

(V) 

H,.  Pd 

|'^\-CHOH-CH,COCH,  kHSq. 

|^^j-CH=CHCOCH, 

H, 

j"^'^-CH,CH,COCH:. 

1  1 

(VII) 

1° 

r,/\/\r, 

(VIII) 

Th/CoCoT 

r,/\/\r- 

.(VI) 

R,  R<,  R’i  =  HOr  CHj 

•  Deceased. 
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The  ease  of  dehydration  of  keto  alcohols  (IV)  and  (VII)  depends  on  the  position  of  the  methyl  groups  In  the 
cyclohexane  ring  and  the  keto  alcohols  with  two  ortho-methyl  groups,  obtained  from  aldehyde  (III),  are  dehydrated 
with  considerably  more  difficulty.  It  is  also  necessary  to  mention  that  the  condensation  of  aldehydes  (II)  and  (III) , 
obtained  at  a  temperature  above  200”,  with  acetone  leads  to  the  formation  of  a  difficultly  separable  mixture  of 
keto  alcohols  (IV)  and  unsaturated  ketones  (V),  which  is  explained  by  the  presence  of  the  cls-isomers  as  impurities 
in  these  aldehydes,  obtained  at  elevated  temperatures. 

To  shift  the  double  bond  in  aldehydes  (I-III)  into  conjugation  with  the  aldehyde  group  we  utilized  the  me¬ 
thod  described  in  the  literature  [6],  consisting  in  the  hydrogenation,  bromination  and  dehydrobromination  of  the 
starting  aldehydes  (I-III).  However,  in  contrast  to  the  above  described  compounds  (IV),  (V)  and  (VIII),  aldehydes 
(I-III)  are  hydrogenated  with  great  difficulty  in  the  presence  of  Pd  catalyst,  and  here  only  60-70<5b  of  the  required 
hydrogen  is  absorbed.  Even  when  the  hydrogenation  is  run  in  an  autoclave  at  a  pressure  of  100  atmos  and  a  tem¬ 
perature  of  60-80*  in  the  presence  of  Pd  catalyst  the  aldehydes  (I- III)  also  absorb  only  BO-TO'Jfcof  the  theoretical 
amount  of  hydrogen.  Similar  observations  relative  to  some  other  examples  have  been  mentioned  in  the  literature 
[7].  Consequently,  the  unsaturated  aldehydes  (I-III)  were  first  converted  in  the  usual  manner  [8]  into  the  corre¬ 
sponding  acetals  (IX),  which  already  show  smooth  hydrogenation  with  Pd  catalyst,  absorbing  1  mole  of  hydrogen 
to  form  the  saturated  acetals  (X).  The  latter  when  hydrolyzed  readily  give  the  pure  saturated  aldehydes  (XI), 
which  when  brominated  in  chloroform  are  converted  into  the  bromoaldehydes  (XII),  giving  when  heated  with 
diethylaniline  the  unsaturated  aldehydes  (XIII)  with  conjugated  bonds.  The  condensation  of  these  aldehydes  with 
acetone  gave  the  corresponding  analogs  of  6  -ionone  (XIV). 


R 
I 

Pj-CH(OC,H,), 

[ji 

(IX) 

R 


R 

I 

/\ 


i-CH(OC,H,l, 


/\/\ 

(X) 

R 


R» 


R,^  'r: 

(XII) 


/\ 

,A/\, 


R 

I 

j^^-CHO 

R,/\/\,J, 

(XI) 

R 
I 

/\ 


l-CHO  CHjCOCHg 
"(NbohF^ 

R'"  'R^  R'"  ''  'R, 

(XIII)  (XIV) 


-CH=CHCOCH, 

/\/V 


R.  R'.  R’  =  H  or  CHv 


When  hydrogenated  in  the  presence  of  Pd  catalyst  the  unsaturated  ketones  (XIV)  smoothly  absorb  2  moles 
of  hydrogen  to  yield  the  saturated  ketones  (VI)  described  above. 


In  making  a  detailed  study  of  the  conditions  for  the  hydrogenation  of  aldehydes  (I-III)  in  the  presence  of 
various  catalysts  we  found  that  these  aldehydes  are  smoothly  hydrogenated  if  two  different  catalysts  are  added  in 
sequence  —  first  palladium  on  calcium  carbonate,  and  dien  Adams  platinum  oxide  [9],  and  widi  such  conditions 
the  pure  saturated  aldehydes  (XI)  are  formed  in  nearly  quantitative  yield,  being  oxidized  by  atmospheric  oxygen 
to  the  corresponding  acids  (XV). 


R  R  R 

J  \  I 

I  ^|-CHO  (^N-CHO  o,  j^\-COOH 

R'  ***  R’^'^^'^R’  R''^^'^'^R« 

f-'")  (XI)  (XV) 

R,  R',  R’  =  HOr  CH,,. 

The  saturated  aldehydes  (XI)  behave  differently  with  respect  to  oxidation  by  atmospheric  oxygen  and  the 
aldehyde  with  two  ortho-methyl  groups  is  most  easily  oxidized,  yielding  the  corresponding  acid  (XV)  with  m.  p. 
74-75*. 

EXPERIMENTAL 

4-Methyl-A^-tetrahydrobenzaldehyde  (I).  Into  a  metal  ampul  was  charged  21  g  of  acrolein,  33  g  of  freshly 
distilled  isoprene  and  a  small  amount  of  hydroquinone.  The  ampul  was  heated  for  2.5  hrs  at  210-220*.  Vacuum- 
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distillation  of  the  condensation  product  gave  42  g  of  (I)  with  b.  p.  73“75*  at  20  mm,  n^  1.4743.  The  semicarba- 
zone  of  the  obtained  aldehyde  melts  at  141-141.5”  (from  methanol);  the  2,4-dinitrophenylhydrazone  melts  at 
163.5-164.5”  (from  ethanol). 

2,4-Dtmethyl-A^-tetrahydrobenzaldehyde  (11).  Into  a  metal  ampul  was  charged  30  g  of  crotonaldehyde, 

30  g  of  isoprene  and  a  small  amount  of  hydroquinone.  The  ampul  was  heated  for  2.5  hrs  at  170-180*.  Vacuum- 
distillation  of  the  condensation  product  gave  48  g  of  (II)  with  b.  p.  66-68”  at  10  mm;  n®**  1,4716. 

Found  <%i  C  78.04,  78.17;  H  10.13,  10.37.  CgHuO.  Calculated  <%>.  C  78.26;  ’  H  10.14. 

The  semicarbazone  of  the  obtained  aldehyde  melts  at  172-173”  (from  methanol). 

Found  <5fc:  N  21.65,  21.76.  CioHnONj.  Calculated  <5;, ;  N  21.43. 

The  2,4-dinitro|^enylhydrazone  melts  at  159-160”. 

2,6-Dlmethyl-A^-tetrahydrobenzaldehyde  (III).  A  mixture  of  25  g  oftrans-crotonaldehyde,  30  g  of  trans- 
piperylene  (obtained  by  the  isomerization  of  technical  piperylene  with  iodine,  b.  p.  42”,  n®  1.4298)  and  a  small 
amount  of  hydroquinone  was  heated  in  a  metal  ampul  at  190-200”  for  2.5  hrs.  Distillation  of  the  condensation 
products  gave  32  g  of  (III)  with  b.  p.  75.5-77”  at  14  mm,  n®  1.4690. 

Found  C  77.96,  78.00;  H  10.14,  10.03.  CaH^O.  Calculated  ojoi  C  78.26;  H  10.14. 

The  2,4-dinitrophenylhydrazone  of  the  obtained  aldehyde  melts  at  166-167.5”. 

Condensation  of  A^-tetrahydrobenzaldehydes  (I-IIl)  with  acetone,  a)  To  a  solution  of  10  g  of  aldehyde  (I) 
in  20  ml  of  freshly  distilled  acetone  at  -3”  and  with  vigorous  stirring  was  added  in  15  min  a  solution  of  0.97  g 
of  sodium  hydroxide  in  a  mixture  of  31  ml  of  water  and  77  ml  of  acetone.  After  this  the  temperature  of  the  re¬ 
action  mixture  was  raised  to  room  temperature  in  45  min,  and  the  stirring  was  continued  for  another  2  hrs.  The 
reaction  mixture  was  poured  into  water,  acidified  with  sulfuric  acid,  the  product  extracted  with  ether,  washed 
twice  with  water,  dried  over  magnesium  sulfate,  and  vacuum-distilled.  We  obtained  8.8  g  of  keto  alcohol  (IV) 

(R*  =  CHj;  R  =  R*  =  H)  with  b.  p.  105-108”  at  1  mm,  ng  1.4945. 

Found  C  72.57,  72.59;  H  9.75,  9.89.  CuHjjOj.  Calculated  ‘jb;  C  72.53;  H  9.89. 

The  semicarbazone  of  the  obtained  keto  alcohol  melts  at  126-127”  (from  methanol). 

b)  To  a  solution  of  14.5  g  of  aldehyde  (II)  in  30  ml  of.fre'dily  distilled  acetone  at  —3”  and  with  vigorous 
stirring  was  added  in  20  min  a  solution  of  1.4  g  of  sodium  hydroxide  in  a  mixture  of  115  ml  of  acetone  and  46 
ml  of  water.  After  this  the  temperature  of  the  reaction  mixture  was  raised  to  room  temperature  in  50  min,  and 
the  stirring  was  continued  for  another  2  hrs.  The  reaction  mixture  was  poured  into  water,  acidified  with  sulfuric 
acid,  the  product  extracted  with  ether,  washed  three  times  with  water,  dried  over  magnesium  sulfate,  and  vacuum- 
distilled.  We  obuined  13.8  g  of  keto  alcohol  (IV)  (r‘  =  R*  =  CH3;  R  =  H),  b.  p.  122-125”  at  1.5  mm,  ng  1.4935. 

Found  C  73.74,  73.63;  H  10.25,  10.36.  ChHjoOj.  Calculated  «hi  C  73.47;  H  10.20. 

c)  To  a  solution  of  20  g  of  aldehyde  (III)  in  45  ml  of  freshly  distilled  acetone  at  —4*  and  with  vigorous 
stirring  was  added  in  18  min  a  solution  of  1.95  g  of  sodium  hydroxide  in  a  mixture  of  65  ml  of  water  and  155 
ml  of  acetone.  At  the  end  of  addition  the  stirring  was  continued  for  another  4  hrs  at  room  temperature.  The 
reaction  mixture  was  poured  into  water,  acidified  with  sulfuric  acid,  the  product  extracted  with  ether,  wa^d 
twice  with  water,  dried  over  magnesium  sulfate,  and  vacuum-distilled.  We  obtained  19  g  of  keto  alcohol  (IV) 

(R  =  R*  =  CHj;  r‘  s  H),  b.  p.  111-113”  at  1  mm,  ng  1.4910. 

Found  ojoi  C  73.48,  73.53;  H  10.39,  10.41.  CnH^Oj.  Calculated  C  73.47;  H  10.20. 
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Hydrogenation  of  keto  alcohok  (IV).  a)  A  solution  of  25  g  of  keto  alcohol  (IV)  (R^  =  CHs;  R  =  R*  =  H)  In 
50  ml  of  methyl  acetate  was  hydrogenated  in  the  presence  of  Pd/CaCOs  catalyst.  In  three  hrs  3.09  liters  of  hydro¬ 
gen  was  absorbed,  which  corresponds  to  the  hydrogenation  of  one  double  bond.  The  catalyst  was  filtered,  the  sol¬ 
vent  was  distilled  off,  and  the  hydrogenation  product  was  vacuum-distilled.  We  obtained  22.1  g  of  saturated  keto 
alcohol  (Vn)  (R‘  =  CH,;  R  =  R*  =  H),  b.  p.  93-95*  at  1  mm,  ng  1.4720. 

Found  ojo-,  C  71.96,  71.83;  H  10.94,  10.94.  CuHjoOj.  Calculated  C  71.74;  H  10.87. 

b)  A  solution  of  5  g  of  keto  alcohol  (IV)  (R^=  R*  =  CH3;  R  =  H)  in  10  ml  of  methanol  was  hydrogenated  in 
the  presence  of  Pd/CaCOs,  catalyst.  The  amount  of  hydrogen  absorbed  was  0.62  liter,  which  corresponds  to  the 
hydrogenation  of  one  double  bond.  The  catalyst  was  filtered,  the  solvent  was  distilled  off,  and  the  hydrogenation 
product  was  vacuum- distilled.  We  obtained  4.6  g  of  saturated  keto  alcohol  (VD)  (R^  =  R*  =  CHs;  R  =  H)b.  p. 
112-114*  at  1  mm.  n“  1.4740. 

c)  A  solution  of  5  g  of  keto  alcohol  (IV)  (R  =  R*  =  CHs;  R^  =  H)  in  methanol  was  hydrogenated  in  the  pre¬ 
sence  of  palladium  catalyst.  The  amount  of  hydrogen  absorbed  was  0.57  liter,  which  corresponds  to  the  hydro¬ 
genation  of  one  double  bond.  The  catalyst  was  filtered,  the  solvent  was  distilled  off,  and  the  hydrogenation  pro¬ 
duct  was  vacuum-distilled.  We  obtained  4.7  g  of  saturated  keto  alcohol  (VIIXR  =  R*  =  CH3;  R*  =  H),  b.  p.  106- 
107*  at  1  mm,  n*  1.4790. 

Found  C  72.51,  72.47;  H  11.24,  11.26.  CuH^Oj.  Calculation'll);  C  72.72;  H  11.11. 

Dehydration  of  keto  alcohols  (IV).  a)  A  mixture  of  5  g  of  keto  alcohol  (IV)  (R*  =  CH3;  R  =  R*  =  H)  and 
1.2  g  of  fused  powdered  poussium  bisulfate  was  heated  in  a  vacuum  of  70  mm  at  135-140*  for  30  min.  Toward 
the  end  of  heating  die  vacuum  was  increased,  and  the  dehydration  product  was  distilled.  We  obtained  3.4  g  of 
unsaturated  ketone  (V)  (R^  =  CH3;  R  =  R*  =  H),  b.  p.  84*  at  1  mm,  n^  1.5040. 

Found  <5b:  C  80.31,  80.40;  H  9.99,  9.90.  CuHjsO.  Calculated  C  80.48;  H  9.75.  i 

b)  A  mixture  of  5  g  of  keto  alcohol  (IV)  (R^  =  R*  =  CH3;  R  =  H)  and  0.8  g  of  fused  powdered  potassium  bi¬ 
sulfate  was  heated  in  a  vacuum  of  70  mm  at  130-140*  for  30  min.  Toward  the  end  of  heating  the  vacuum  was 
increased.  After  two  distillations  we  obtained  3.7  g  of  unsaturated  ketone  (V)  (R^  =  R^  =  CH3;  R  =  H),  b.  p.  95- 
96*  at  1  mm,  n^  1.4980. 

Found  <5():  C  80.82,  80.59;  H  10.24,  10.18.  CfiHigO.  Calculated  C  80.89;  H  10.11. 

c)  A  mixture  of  4  g  of  keto  alcohol  (IV)  (R  =  R*  =  CH3;  R*  =  H)  and  0.7  g  of  fused  powdered  potassium  bi¬ 

sulfate  was  heated  in  a  vacuum  of  70-80  mm  for  30  min  at  130-140*,  after  which  the  product  was  distilled  (b.  p. 
101-105*  at  1  mm;  n^  1.4890).  To  the  distilled  product  was  added  0.4  g  of  potassium  bisulfate,  and  the  mixture 
was  again  heated  in  a  vacuum  of  70  mm  at  130-140*  for  15  min.  After  two  distillations  we  isolated  2.9  g  of  the 
unsaturated  ketone  (V)  (R  =  =  CH3;  R^  =  H),  b.  p.  91-92.5*  at  1  mm,  n^  1.4969. 

Found  C  80.63,  80.91;  H  10.14;  10.33.  CuHnO.  Calculated  C  80.9;  H  10.11. 

Dehydration  of  keto  alcohols  (VII).  a)  A  mixture  of  3  g  of  keto  alcohol  (VII)  (R^  =  CH3;  R  =  R*  =  H)  and 
0.8  g  of  fused  powdered  potassium  bisulfate  was  heated  in  a  vacuum  of  70  mm  at  135-140*  for  30  min.  On  distil¬ 
lation  we  obtained  2.5  g  of  the  unsaturated  ketone  (VIII)  (R^  =  CH3;  R  =  R*  =  H),  b.  p.  105-108*  at  7  mm;  n® 
1.4774. 

Found  C  79.26,  79.27;  H  10.98,  10.95.  CuHuO.  Calculated  C  79.52;  H  10.84. 

b)  A  mixture  of  4  g  of  keto  alcohol  (VII)  (R^  =  1^  =  CH3;  R  =  H)  and  0.7  g  of  fused  powdered  potassium  bi¬ 
sulfate  was  heated  in  a  vacuum  of  85  mm  at  134-140*  for  30  min.  On  distillation  we  obtained  2.8  g  of  the  un¬ 
saturated  ketone  (VIII)  (R^  =  R*  =  CH3;  R  =  H),  b.  p.  82*  at  1  mm,  n^*®  1.4825. 
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Found  <70;  C  80.07,  80.07;  H  11.15,  11.20.  CijHjoO.  Calculated  C  80.00;  H  11.11. 

c)  A  mixture  of  4  g  of  keto  alcohol  (VIII)  (R  =  R*  =  CH3;  R^  =  H)  and  1  g  of  fused  powdered  potassium  bl- 
sulfate  was  heated  In  a  vacuum  of  60  mm  at  130-138"  for  25  min.  At  the  end  of  heating  the  vacuum  was  increased 
to  13  mm,  and  the  product  was  distilled  (b.  p.  124"  at  13  mm,  n“  1.4851),  after  which  0.7  g  of  potassium  bisul¬ 
fate  was  added,  and  the  mixture  was  heated  in  a  vacuum  of  70  mm  at  130-140"  for  15  min.  After  two  distilla¬ 
tions  we  obtained  2.9  g  of  the  unsaturated  ketone  (VIII)  (R  =  R*  =  CH3;  R^  =  H),  b.  p.  121"  at  12  mm,  n^  1.4869, 
possessing  a  pleasant  floral  odor. 

Found  <7o:  C  79.89,  80.19;  H  11.16,  11.27.  C12H10O.  Calculated  C  80.00:H  11.11. 

Hydrogenation  of  unsaturated  ketones  (V).  a)  A  solution  of  1  g  of  ketone  (V)  (R^  =  CHs:  R  =  1^  =  H)  in 
3  ml  of  methanol  was  hydrogenated  in  die  presence  of  Pd/CaCOs  catalyst.  The  amount  of  hydrogen  absorbed 
in  30  min  was  0.28  liter,  which  corresponds  to  the  hydrogenation  of  two  double  bonds.  The  catalyst  was  filtered, 
the  solvent  was  distilled  off,  and  the  hydrogenation  product  was  vacuum -distilled.  We  obtained  0.6  g  of  the 
saturated  ketone  (VI)  (R^  =  CH3;  R  =  R*  =  H),  b.  p.  77"  at  1  mm,  ng  1.4565. 

Found  %:  C  78.58,  78.59;  K  11.96,  12.03.  CuHjoO.  Calculated  o/o’.  C  78.57;  H  11.9. 

The  semicarbazone  of  this  ketone  (VI)  melts  at  171-172"  (from  methanol). 

Found  '7o!  N  18.63,  18.89.  C12H23ONS.  Calculated  <7o:  N  18.66. 

b)  A  solution  of  2.3  g  of  ketone  (V)  (R^  =  R*  =  CH3;  R  =  H)  in  7  ml  of  methanol  was  hydrogenated  in  the 

presence  of  Pd/CaCOs  catalyst.  The  amount  of  hydrogen  absorbed  in  55  min  was  0.59  liter,  which  corresponds 
to  the  hydrogenation  of  two  double  bonds.  The  catalyst  was  filtered,  the  solvent  was  distilled  off-,  and  the 
hydrogenation  product  was  vacuum-distilled.  We  obtained  2  g  of  the  saturated  ketone  (VI)  (R^  =  =  CH3;  R«H), 

b.  p.  103"  at  5  mm,  np  1.4602. 

Found  ojo:  C  79.13,  79.08;  H  12.13,  12.10.  CbHjzO.  Calculated  %:  C  79.13;  H  12.09. 

The  semicarbazone  of  this  ketone  melts  at  160.5-161"  (from  methanol). 

c)  A  soluticxi  of  3.7  g  of  ketone  (V)  (R  =  R*  =  CH3;  R^  =  H)  in  30  ml  of  methanol  was  hydrogenated  in  the 
presence  of  palladium  catalyst.  The  amount  of  hydrogen  absorbed  in  1.5  hrs  was  0.96  liter,  which  corresponds  to 
the  hydrogenation  of  two  double  bonds.  The  solvent  was  distilled  off,  and  the  product  was  vacuum-distilled.  We 
obtained  3.4  g  of  the  saturated  ketone  (VI)  (R  =  R*  =  CH3;  R^  =  H),  b.  p.  96-96.5"  at  1.5  mm,  ng  1.4622. 

Found  <7,;  C  79.00,  78.89;  H  11.90,  11.98.  C^HjzO.  Calculated  %:  C  79.12;  H  12.09. 

Hydrogenation  of  unsaturated  ketones  (VIII).  a)  A  solution  of  2.2  g  of  the  unsaturated  ketone  (VIE)  (R^  = 

=  CH3;  R  =  R^  =  H)  in  6  ml  of  methanol  was  hydrogenated  in  the  presence  of  Pd/CaCOs  catalyst.  The  amount 
of  hydrogen  absorbed  was  0.29  liter,  which  corresponds  to  the  hydrogenation  of  one  double  bond.  The  catalyst 
was  filtered,  the  solvent  was  distilled  off,  and  the  hydrogenation  product  was  vacuum -distilled.  We  obtained  1.6 
g  of  the  saturated  ketone  (VI)  (R^  =  CH3;  R  =  R*  =  H),  b.  p.  76-78"  at  1  mm,  ng  1.4560. 

b)  A  solution  of  1.2  g  of  the  unsaturated  ketone  (VIE)  (R^  =  R*  =  CH3;  R  =  H)  in  4  ml  of  methanol  was  hydro¬ 
genated  in  the  presence  of  palladium  catalyst.  The  amount  of  hydrogen  absorbed  in  45  min  was  0.13  liter ,  which 
corresponds  to  the  hydrogenation  of  one  double  bond.  The  catalyst  was  filtered,  the  solvent  was  distilled  off,  and 
the  hydrogenation  product  was  vacuum-distilled.  We  obtained  0.9  g  of  ketone  (VI)  (R^  =  R*  ^  CH3;  R  =  H),  b.  p. 

84"  at  1  mm,  ng  1.4600.  The  semicarbazone  of  this  ketone  melts  at  160.5-161"  (from  methanol). 

c)  A  solution  of  0.5  g  of  the  unsaturated  ketone  (VIE)  (R  =  R*  =  CH3;  R^  =  H)  in  10  ml  of  methanol  was  hydro¬ 
genated  in  the  presence  of  palladium  catalyst.  The  amount  of  hydrogen  absorbed  in  20  min  was  70  ml,  which 
corresponds  to  the  hydrogenation  of  one  double  bond.  The  solvent  was  distilled  off,  and  the  product  was  vacuum- 
distilled.  We  obtained  0.3  g  of  the  saturated  ketone  (VI)  (R  =  R*  =  CH3;  R^  =  H),  b.  p.  91"  at  1  mm,  ng  1.4620. 
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Preparation  of  acetab  (IX).  a)  To  a  solution  of  20  g  of  aldehyde  (I)  in  80  ml  of  anhydrous  alcdiol  was 
added  0.5  ml  of  hydrochloric  acid  (d  1.21).  The  reaction  mixttue  was  allowed  to  stand  for  2  days  at  room  tem¬ 
perature.  after  which  it  was  poured  into  water,  containing  2  g  of  sodium  carbonate.  The  obuined  oil  was  separa¬ 
ted,  and  the  water  layer  was  extracted  with  ether.  The  ethereal  solution  was  combined  with  the  oil,  dried  over 
magnesium  sulfate,  and  vacuum-distilled.  We  obtained  12.5  g  of  the  diethyl  acetal  (IX)  (R  =  =  H;  =  CH3), 

b.  p.  105-107*  at  12  mm,  np  1.4565. 

Found  C  72.42,  72.33;  H  11.46,  11.30.  CuHjfO,.  Calculated  C  72.72;  H  11.11. 

b)  To  a  solution  of  20  g  of  aldehyde  (II)  in  80  ml  of  anhydrous  alcohol  was  added  0.5  ml  of  hydrochloric 
acid  (d  1.21).  The  reaction  mixture  was  allowed  to  stand  for  2  days  at  room  temperature.  After  the  usual  treat¬ 
ment  and  vacuum-distillation  we  obtained  15.2  g  of  the  diethyl  acetal  (IX)  (R^  =  R*  =  CH3;  R  =  H),  b.  p.  107- 
109*,  at  11  mm,  np  1.4570. 

Found  %:  C  73.73,  73.47;  H  11.42,  11.42.  CisH;mO,.  Calculated  C  73.58;  H  11.32 

c)  A  solution  of  30  g  of  aldehyde  (III)  in  120  ml  of  anhydrous  ethyl  alcohol  was  treated  with  0.75  ml  of 
hydrochloric  acid  (d  1.21).  The  reaction  mixture  was  allowed  to  stand  for  3  days  at  room  temperature.  After 
die  usual  treatment  and  vacuum -distillation  we  obtained  23  g  of  the  diethyl  acetal  (IX)  (R  =  R*  =  CH3;  R^  =  H), 
b.  p.  105*  at  8  mm,  np  1.4540. 

Found  C  73.38,  73.42;  H  11.42,  11.33.  CuH;^®*-  Calculated  C  73.58;  H  11.31. 

Hydrogenation  of  acetals  (IX).  a)  A  solution  of  13  g  of  diethyl  acetal  (IX)  (R  =  R*  =  H;  R^  =  CH3)  in  30 
ml  of  methanol  was  hydrogenated  in  the  presence  of  Pd/CaCOs  catalyst.  The  amount  of  hydrogen  absorbed  in 
3  hrs  was  1.3  liters,  which  corresponds  to  the  hydrogenation  of  one  double  bond.  The  catalyst  was  filtered,  the 
solvent  was  distilled  off,  and  the  hydrogenation  product  was  vacuum-distilled.  We  obtained  12.5  g  of  the  Satura¬ 
ted  diethyl  acetal  (X)  (R  =  R*  =  H;  R^  =  CH3),  b.  p.  94-96*  at  9  mm,  np'®  1.4445.  ' 

Found  C  71.99,  71.89;  H  12.11,  12.01.  CoHaiOj.  Calculated ‘Jfc;  C  72.00;  H  12.00. 

b)  A  solution  of  7.8  g  of  diethyl  acetal  (IX)  (R^  =  R®  =  CHs;  R  =  H)  in  16  ml  of  methanol  was  hydrogenated 
in  the  presence  of  palladium  catalyst.  The  amount  of  hydrogen  absorbed  in  2  hrs  was  0.76  liter,  which  corresponds 
to  the  hydrogenation  of  one  double  bond.  The  catalyst  was  filtered,  the  solvent  was  distilled  off,  and  the  hydro¬ 
genation  {MToduct  was  vacuum -distilled.  We  obtained  7.3  g  of  the  saturated  diethyl  acetal  (X)  (R^  =  R*  =  CHs ; 

R  =  H),  b.  p.  101-103*  at  10  mm,  np  1.4458. 

Found  ojoi  C  72.75,  73.07;  H  11.98,  12.02.  CigH^Oj.  Calculated  C  72.9;  H  12.15. 

c)  A  solution  of  5.5  g  of  diethyl  acetal  (IX)  (R  =  R®  =  CH3;  R^  =  H)  in  15  ml  of  methanol  was  hydrogenated 
in  the  |»esence  of  palladium  catalyst.  The  amount  of  hydrogen  absorbed  in  1  hr  and  20  min  was  0.63  liter,  which 
corresponds  to  the  hydrogenation  of  one  double  bond.  The  catalyst  was  filtered,  the  solvent  was  distilled  off,  and 
the  hydrogenation  product  was  vacuum-distilled.  We  obtained  5.3  g  of  (X)  (R  =  R*  =  CHs;  R^  =  H),  b.  p.  101-102* 
at  9  mm;  n^*®  1.4469. 

Found  <5b:  C  72.77,  72.59;  H  12.17,  12.15.  CuHjgOj.  Calculated  C  72.89;  H  12.14. 

Hydrolysis  of  acetals  (X).  a)  A  mixture  of  6.8  g  of  diethyl  acetal  (X)  (R  =  R*  =  H;  R^  =  CH3),  9  ml  of  acetic 
acid  and  20  ml  of  sulfuric  acid  was  boiled  under  reflux  for  5  hrs,  after  which  the  mixture  was  extracted  with 
ether.  The  ether  extract  was  washed  with  sodium  carbonate  solution,  then  with  water,  and  finally  dried  over  mag¬ 
nesium  sulfate.  The  product  was  vacuum-distilled.  We  obtained  2.8  g  of  aldehyde  (XI)  (R  =  =  H;  R^  =  CH3), 

b.  p.  58*  at  9  mm,  n^  1.4492. 

Found  Ojoi  C  75.99,  75.98;  H  11.25,  11.18.  CjHuO.  Calculated  C  76.19;  H  11.11. 
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The  2,4-dinitrophenylhydrazone  of  the  obtained  aldehyde  melts  at  183-184“  (from  ethanol). 

Found  N  18.53,  18.42.  C14HUO4N4.  Calculated  N  18.30. 

b)  A  mixture  of  6  g  of  dielhyl  acetal  (X)  (R^  =  =  CH3;  R  =H),  8  ml  of  acetic  acid  and  16  ml  of  23'^ 

sulfuric  acid  was  boiled  under  reflux  for  5  hrs,  after  which  the  mixture  was  extracted  with  ether.  The  ether  ex¬ 
tract  was  washed  with  sodium  carbonate  solution,  then  with  water,  and  finally  dried  over  magnesium  sulfate.  The 
product  was  vacuum-distilled.  We  obtained  2.8  gof  aldehyde  (XI)  (R*  =  R*  =  CH3;  R  =  H),  b.  p.  70*  at  8  mm, 

ng  1.4530. 

c)  A  mixture  of  5  g  of  diethyl  acetal  (X)  (R  =  R*  =  CH3;  R^  =  H),  4  ml  of  acetic  acid  and  50  ml  of  25')b 
sulfuric  acid  was  boiled  under  reflux.  The  product  was  extracted  widi  ether,  washed  with  10%  sodium  carbonate 
solution,  then  with  water,  dried  over  magnesium;sulfate,  and  finally  vacuum-distilled.  We  obtained  2  g  of  alde¬ 
hyde  (XI)  (R  =  R*  =  CH3;  R*  =  H),  b.  p.  80-81*  at  14  mm,  n*  1.4510.  The  2,4-dinitrophenylhydrazone  of  this 
aldehyde  melts  at  130-130.5*. 

Hydrogenation  of  aldehydes  (I-IIl).  a)  A  solution  of  35  g  of  aldehyde  (I)  in  100  ml  of  methanol  was  hydro¬ 
genated  in  the  presence  of  Pd/CaCOs  catalyst.  The  hydrogenation  was  stopped  when  2.5  liters  of  hydrogen  had 
been  absorbed,  and  some  platinum  catalyst  (Pt02)  was  added.  In  16  hrs  6.35  liters  of  hydrogen  was  absorbed,  which 
corresponds  to  the  hydrogenation  of  one  double  bond.  The  catalyst  was  filtered,  the  solvent  was  distilled  off,  and 
the  hydrogenation  product  was  vacuum-distilled.  We  obtained  34.5  g  of  aldehyde  (XI)  (R  =  R*  =  H;  R^  =  CH3), 
b.  p.  58*  at  9  mm,  n^  1.4512.  The  2,4-dinitrophenylhydrazone  of  tlie  aldehyde  melts  at  183-184*. 

b)  A  solution  of  90  g  of  aldehyde  (11)  in  methanol  was  hydrogenated  in  an  autoclave  at  60*  and  a  pressure 
of  100  atmos  in  the  presence  of  Pd/CaC03  catalyst.  The  catalyst  was  filtered,  the  solvent  was  distilled  off,  and 
the  hydrogenation  product  was  vacuum-distilled.  We  obtained  67  g  of  a  fraction  with  b.  p.  89-95*  at  18  mm, 

n^  1.4595.  A  solutirai  of  20  g  of  this  fraction  in  50  ml  of  methanol  was  hydrogenated  in  the  presence  of  platinum 
catalyst.  The  amount  of  hydrogen  absorbed  was  2.5  liters.  The  catalyst  was  filtered,  the  solvent  was  distilled  off, 
and  the  hydrogenation  product  was  vacuum-distilled.  We  obtained  18.2  g  of  aldehyde  (XI)  (R^  =  R*  =  CH3;  R  =  H), 
b.  p.  96-98*  at  17  mm,  ng  1.4528. 

c)  A  solution  of  6.8  g  of  aldehyde  (III)  in  20  ml  of  methanol  was  hydrogenated  in  the  presence  of  palladium 
catalyst.  After  0.56  liter  of  hydrogen  had  been  absorbed  the  hydrogenation  was  stopped  and  some  platinum  cata¬ 
lyst  was  added.  In  10  hrs  a  total  of  1.16  liters  of  hydrogen  was  absorbed,  which  corresponds  to  the  hydrogenation 
of  one  double  bond.  The  catalyst  was  filtered,  the  solvent  was  distilled  off,  and  the  hydrogenation  j^oduct  was 
distilled.  We  obtained  6.4  g  of  aldehyde  (XI)  (R  =  R*  =  CHs;  R^  =  H),  b..p.  66-67*  at  8  mm,  ng  1.4510,  The  2,4- 
dinitroi^enylhydrazone  of  the  aldehyde  melts  at  130-130.5*. 

Preparation  of  unsaturated  aldehydes  (XIII).  a)  To  a  mixture  of  30  g  of  aldehyde  (XI)  (R  =  R*  =  Hj  R*  =  CH3), 
80  ml  of  chloroform  and  18  g  of  calcium  carbonate  was  added  at  9-15*  and  with  vigorous  stirring  a  solution  of 
40  g  of  bromine  in  60  ml  of  chloroform..  After  all  of  the  bromine  solution  had  been  added  the  stirring  was  con¬ 
tinued  for  another  3  hours  at  room  temperature.  The  chloroform  layer  was  separated,  and  the  remainder  was 
extracted  with  chloroform.  The  combined  chloroform  extract  was  washed  with  sodium  bicarbonate  solution,  then 
with  sodium  thiosulfate  solution,  next  with  water,  and  finally  it  was  dried  over  magnesium  sulfate.  The  bromination 
product  was  vacuum- distilled.  We  obtained  24.6  g  of  bromoaldehyde  (xn)  (R  =  R*  =  H;  R^  =  CH3)  b,  p.  58-59* 
at  2  mm,  np  1.4930.  A  mixture  of  16  g  of  this  bromoaldehyde  with  35  g  of  diethylaniline  was  boiled  for  2  minutes 
in  a  stream  of  nitrogen  and  then  cooled  rapidly  in  a  mixture  of  ice  and  salt.  The  crystallized  diethylaniline  hy¬ 
drobromide  was  dissolved  in  water.  The  excess  base  was  removed  by  treatment  with  dilute  sulfuric  acid.  The 
product  was  extracted  with  ether,  washed  with  sodium  bicarbonate  solution,  dried  over  magnesium  sulfate,  and 
vacuum-distilled.  We  obtained  2.7  g  of  aldehyde  (XID)  (R  »  R*  =  H;  R^  =  CH3)  b.  p.  75*  at  14  mm,  n^g  1.4842. 

Found  %:  C  77.05;  H  10.03.  CjM^O.  Calculated  %;  C  77.42;  H  9.68. 

The  2,4-dinitrophenylhydrazone  of  the  obtained  aldehyde  melts  at  196.5-198*. 

Found  %:  N  18.14,  18.28.  CmHi504N4.  Calculated  %:  H  18.42. 
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b)  To  a  mixture  of  15  g  of  aldehyde  (XI)  (R*  =  R*  =  CH3;  R  =  H),  40  ml  of  chloroform  and  9  g  of  calcium 
carbonate  was  added  at  15-18*  and  with  vigorous  stirring  a  solution  of  20  g  of  bromine  in  30  ml  of  chloroform. 

After  all  of  tlie  bromine  solution  had  been  added  the  stirring  was  continued  for  another  3  hrs.  After  the  bromina- 
tion  product  had  been  treated  in  the  usual  manner  and  distilled  we  obtained  11  g  of  bromoaldehyde  (XII)  (R^  = 

=  R*  =  CH3;  R  =  H),  b.  p.  79-83*  at  1  mm,  n®  1.4988.  A  mixtiue  of  5.7  g  of  the  obtained  bromoaldehyde  and 
14  g  of  diethylaniline  was  boiled  for  2  min  in  a  stream  of  nitrogen  and  tften  cooled  rapidly.  The  crystallized 
diethylaniline  hydrobromide  was  dissolved  in  water.  The  excess  base  was  removed  by  treatment  with  dilute 
sulfuric  acid.  The  product  was  extracted  with  ether,  washed  with  sodium  bicarbonate  solution,  dried  over  mag¬ 
nesium  sulfate,  and  vacuum-distilled.  We  obtained  1.9  g  of  aldehyde  (XIII)  (R*  =  R*  =  CH3;  R  =  H),  b.  p.  94-96* 
at  15  mm,  n^  1.4961. 

Found  C  78.20,  78.00;  H  10.16,  9.97.  CsH^O.  Calculated  <55,;  C  78.26;  H  10.14. 

c)  To  a  mixture  of  18  g  of  aldehyde  (XI)  (R  =  R*  =  CH3;  R^  =  H),  48  ml  of  chloroform  and  10.8  g  of  calcium 
carbonate  was  added  at  10-15*  a  solution  of  24  g  of  bromine  in  36  ml  of  chloroform.  After  all  of  the  bromine 
had  been  added  the  mixture  was  stirred  for  another  4  hrs.  After  the  usual  treatment  and  distillation  of  the  bro- 
mination  product  we  obtained  23.8  g  of  bromoaldehyde  (XII)  (R  =  R*  =  CH3;  R^  =  H),  b.  p.  68-70*  at  1  mm,  n^ 
1.4952.  A  mixture  of  23  g  of  the  obtained  bromoaldehyde  and  54  g  of  diethylaniline  was  boiled  for  2  min  in  a 
stream  of  nitrogen  and  then  cooled  rapidly.  The  crystallized  diethylaniline  hydrobromide  was  dissolved  in  water. 
The  excess  base  was  removed  by  treatment  with  dilute  sulfuric  acid.  The  product  was  extracted  with  ether,  washed 
with  sodium  bicarbonate  solution,  dried  over  magnesium  sulfate,  and  vacuum -distilled.  We  obtained  10.2  g  of 
aldehyde  (XIII)  (R  =  R*  =  CH3;  R^  =  H),  b.  p.  86-99*  at  9  mm,  n^  1.4972-1.5096.  After  purification  through  the 
semicarbazone, aldehyde  (XIII)  (R  =  R*  =  CH3;  R^  =  H)  had  b.  p.  94-95*  at  17  mm,  n^  1.5045. 

Found  <55,:  C  78.38,  78.23;  H  10.24,  10.12.  CgHnO.  Calculated  %:  C  78i26;  H  10.14. 

The  semicarbazone  of  the  obtained  aldehyde  melts  at  209-210*  (from  ethanol). 

Condensation  of  aldehydes  (XIII)  with  acetone,  a)  Three  grams  of  aldehyde  (Xni)  (R  =  R*  =  H;  it^  =  CH3) 
was  dissolved  in  6  ml  of  acetone  and  to  the  solutionat  —3*  and  with  vigorous  stirring  was  added  in  10  min  a  solu¬ 
tion  of  0.2  g  of  sodium  hydroxide  in  a  mixture  of  9J3  ml  of  water  and  23  ml  of  acetone.  After  this  addition  the 
stirring  was  continued  at  room  temperature  for  anodier  3  hrs.  The  reaction  mixture  was  poured  into  water,  acidi¬ 
fied  with  hydrochloric  acid,  the  product  extracted  with  ether,  washed  three  times  with  water,  dried  over  magne¬ 
sium  sulfate,  and  vacuum-distilled.  We  obtained  2.5  g  of  product  with  b.  p.  86-90*  at  1  mm,  n^  1.5363.  This 
fraction  was  redistilled  from  potassium  bisulfate.  We  obtained  1.7  g  of  ketone  (XIV)  (R  =  R*=  H;  R^  =  CH3),b.  p. 

88*  at  1  mm,  n^  1.5390. 

Found  <55,:  C  80.65,  80.60;  H  9.95,  9.72.  CuH^O.  Calculated  %:  C  80.48;  H  9.76. 

b)  To  a  solution  of  1.8  g  of  aldehyde  (Xlll)  (R^  =  R*  =  CH3;  R  =  H)  in  4  ml  of  freshly  distilled  acetone  was 

added  at  —3*,  with  vigorous  stirring,  in  7  min,  a  solution  of  0.2  g  of  sodium  hydroxide  in  a  mixture  of  15.4  ml 
of  acetone  and  6.2  ml  of  water.  After  this  the  temperature  of  the  reaction  mixture  was  raised  to  room  tempera¬ 
ture  in  30  minutes  and  the  stirring  was  continued  for  another  2  hrs.  The  reaction  mixture  was  poured  into  water, 
acidified  with  sulfuric  acid,  the  product  extracted  with  ether,  washed  three  times  with  water,  dried  over  magne¬ 
sium  sulfate,  and  vacuum-distilled.  Redistillation  from  potassium  bisulfate  gave  0.7  g  of  ketone  (XIV)  (R^  =  = 

=  CH3;  R  =  H),  b.  p.  91-92*  at  1  mm,  n®  1.5130. 

Found  <55,:  C  80.69;  H  10.08.  CuHuO.  Calculated  <55,:  C  80.89;  H  10.1. 

c)  To  a  solution  of  2  g  of  aldehyde  (Xlll)  (R  =  R*  =  CH3;  R^  =  H)  in  4  ml  of  acetone  was  added  at  —4*,  with 
vigorous  stirring,  in  10  min,  a  solution  of  0.2  g  of  sodium  hydroxide  in  a  mixture  of  15.5  ml  of  acetone  and  6.5 
ml  of  water.  After  this  the  temperature  of  the  reaction  mixture  was  raised  to  room  temperature  in  30  min  and 
the  stirring  was  maintained  for  another  3  hrs.  The  reaction  mixture  was  poured  into  water  acidified  with  sulfuric 
acid,  the  product  extracted  with  ether,  washed  with  water,  dried  over  magnesium  sulfate,  and  vacuum-distilled. 
Redistillation  from  potassium  bisulfate  gave  0.9  g  of  unsaturated  ketone  (XIV)  (R  =  R^  =  CH3;  R^  =  H),  b.  p.  92-93* 
at  1  mm,  n*  1.5198. 
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Oxidation  of  aldehydes  (XI).  a)  Aldehyde  (XI)  (R*  =  CHj;  R  =  R*  =  H)  in  an  amount  of  2.2  g  was  allowed 
to  stand  in  die  air.  After  3  days  the  mass  was  mostly  crystalline.  After  recrystallization  from  dilute  acetic  acid 
we  obtained  2  g  of  acid  (XV)  (r‘  =  CHj;  R  =  R*  =  H),  b.  p.  110.5-111.5*. 

Found  ojoi  C  67.59,  67.35;  H  10.00,  9.99.  CjHuO,.  Calculated  <5fc;  C  67.50;  H  9.8€. 

b)  Two  grams  of  aldehyde  (XI)  (R^  =  R^  =  CHa;  R  =  H)  was  allowed  to  stand  in  the  ait.  At  the  end  of  6.5 
davs  the  mass  was  vacuum -distilled  to  yield  1.3  g  of  acid  (XV)  (R^  =  R*  =  CHs;  R  =  H),  b.  p.  107-108*  at  2.5  mm, 
ng  1.4590. 

Found  ojoi  C  69.04,  69.08;  H  10.35,  10.48.  CjHijO,.  Calculated  <?b;  C  69.23;  H  10.32. 

c)  Five  grams  of  aldehyde  (XI)  (R  =  R*  =  CH3;  R^  =  H)  was  allowed  to  stand  in  the  air.  After  5  days  the  mass 
was  mostly  crystalline.  We  obtained  4.3  g  of  acid  (XV)  (R  =  R*  =  CHs;  R^  =  H),  which  after  recrystallization  from 
dilute  acetic  acid  had  m.  p.  74-75*. 

Found  C  68.89,  68.96;  H  10.34,  10.34.  CgHjeOj.  Calculated  %:  C  69.23;  H  10.32. 

SUMMARY 

1.  A^-Tetrahydrobenzaldehydes(I-II])in  presence  of  dilute  sodium  hydroxide  solution  enter  into  aldol  con¬ 
densation  widi  acetone,  forming  the  keto  alcohols  (IV)  in  60-  70%  yield.  The  dehydration  of  friese  keto  alcohols 
gives  the  unsaturated  ketones  (V)  in  high  yields. 

2.  Under  the  same  conditions  the  A^tetrahydrobenzaldehydes  (XUI)  wifri  acetone  show  for  the  most  part 
the  crotonic  type  of  condensation  and  form  the  unsattuated  ketones  (XIV)  in  50-60%  yield. 

3.  The  hydrogenation  of  aldehydes  (I-III),  their  acetals  (IX),  the  keto  alcohols  (IV),  and  ketones  (V)  and 
(Vin),  has  been  described. 
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MECHANISM  OF  THE  CATALYTIC  ACTION  OF  ALUMINUM  CHLORIDE 


V.  REACTIVITY  OF  AROMATIC  COMPOUNDS  IN  ALKYLATION 

N.  N.  Lebedev 


The  reactivity  of  aromatic  compounds  in  their  alkylation  by  the  Friedel-Crafts  method  has  been  studied 
to  a  much  lesser  degree  than  have  other  reactions  of  substitution  in  the  aromatic  ring. 

Olivier  and  Berger  [1]  determined  the  relative  reaction  rates  of  p-nitrobenzyl  chloride  with  chlorobenzene, 
benzene  and  toluene  (0.187: 1;  2.33);  however,  they  ran  their  experiments  in  these  compounds  as  the  medium, 
and  consequently  the  effect  of  the  solvent  should  he  considered  in  their  results.  From  the  composition  of  the  re¬ 
action  products  of  ethylene  with  benzene  Francis  and  Reid  [2]  assumed  that  the  alkylation  rate  of  benzene  was 
die  same  as  that  of  its  ethylated  homologs.  This  method  evokes  great  doubt  due  to  the  reversible  nature  of  the 
reaction.  Condon  [3]  determined  the  absorption  rate  of  propylene  in  nitromethane  solutions  of  some  alkylben- 
zenes  in  the  presence  of  aluminum  chloride.  He  gives  the  following  values  for  the  reactivities  (benzene  1.0): 
toluene  2.1,  ethylbenzene  1.8,  isopropylbenzene  1,7,  tert-butylbenzene  1.4.  However,  the  results  obtained  by 
Condon  could  have  been  affected  by  the  influence  of  diffusion  factors  during  solution  of  the  propylene  in  the 
reaction  mass.  Brown  and  Grayson  [4]  recently  found  the  relative  reaction  rates  of  3,4-dichlorobenzyl  chloride 
with  chlorobenzene,  benzene,  toluene  and  m-xylene  in  nitrobenzene  solution  to  be  equal  to  0.47,  l.PO,  1.64, 
and  2.08,  respectively. 

The  reactivity  of  odier  aromatic  compounds  has  not  been  studied.  In  general,  the  literature  contains  very 
little  quantitative  data  on  the  rate  of  the  alkylation  reaction  and  only  2-3  values  for  the  activation  energy.  To 
fill  in  diis  gap  and  make  a  more  extensive  study  of  the  problem  are  the  purpose  of  this  paper. 

METHOD  OF  OPERATION 

The  reactivities  of  different  aromatic  compounds  were  determined  by  the  method  of  directly  measuring 
their  rates  of  reaction  with  cycldiexyl  chloride  in  a  nitrobenzene  solution  of  aluminum  chloride.  The  apparatus 
used  for  this  purpose  and  the  entire  method  of  operation  and  calculations  have  already  been  described  in  one  of 
our  earlier  papers  [5].  In  all  of  the  experiments  described  in  this  paper  the  initial  cycldiexyl  chloride  concentra¬ 
tion  was  0.200  mole/liter,  and  in  order  to  avoid  polyalkylation  of  the  aromatic  compound  die  chloride  was  taken 
in  6  to  8-fold  excess,  which  made  it  an  Important  component  of  the  solvent.  In  view  of  the  earlier  shown  [5] 
strong  influence  exerted  by  the  medium  on  the  alkylation  rate  a  variation  in  the  molar  volumes  of  the  aromatic 
compounds  could  be  responsible  for  obtaining  inaccurate  results  if  the  experiments  were  run  with  the  same  volume 
or  molar  concentrations  of  the  aromatic  compounds.  For  this  reason  we  ran  the  experiments  using  a  constant  mole 
fraction  of  nitrobenzene  and  aromatic  compound,  on  the  assumption  that  in  such  a  case  there  is  greater  assurance 
that  constant  properties  for  the  reaction  medium  would  be  retained.  In  all  of  the  experiments  described  in  this 
paper  the  mole  fraction  of  nitrobenzene  was  0.839,  which  corresponds  to  a  medium  in  which  the  benzene  concen¬ 
tration  is  12.4  vol.  this  being  the  concentration  used  in  a  previous  study  [5].  Here  the  molar  concentrations 
of  the  compounds  being  alkylated  differed  among  themselves,  which  made  it  necessary  to  compare  the  reacti¬ 
vities  of  the  studied  compounds  on  the  basis  of  the  rate  constants  for  a  second  order  reaction:  dx/dt  =  k2[RCl][ArH], 
which  were  calculated  by  dividing  the  directly  determined  monomolecular  rate  constants  by  the  concentration  of 
the  aromatic  compound.  In  the  tables  below,  where  the  experimental  results  are  presented,  the  values  of  these 
rate  constants  are  given  with  an  indication  of  the  number  of  parallel  measurements  made  and  the  average  error. 
Each  separate  experiment  was  run  in  such  a  maimer  that  from  5  to  9  separate  points  were  obtained  to  calculate 


2520 


the  rate  constant,  while  the  maximum  degree  of  reaction  completion  varied  from  46  to  85<5i».  The  temperature 
was  controlled  with  an  accuracy  of  ±  0.05*.  The  total  volume  of  the  reaction  mass  was  kept  equal  to  20.0  ml 
in  all  cases. 

By  means  of  special  experiment  it  was  shown  that  commercial  (either  pure  or  chemically  pure  grades) 
toluene,  ethylbenzene,  isopropylbenzene,  chlorobenzene  and  bromobenzene  do  not  require  special  chemical 
purification  [6],  since  the  reaction  rates  after  such  purification  did  not  increase.  However,  both  the  p-  and  m- 
xylenes  had  to  be  purified  by  treatment  with  sulfuric  acid.  Fluorobenzene,  iodobenzene  and  the  o-,  m-  and 
p-chlorotoluenes  were  first  treated  with  sulfuric  acid,  and  then  with  caustic  solution.  The  last  reagent  was 
also  used  to  wash  the  anisole.  The  sec-  and  tert-butylbenzenes  and  phenylcyclohexane  were  obtained  by  the 
Friedel-Crafts  reaction  and  consequently  did  not  require  special  purification.  All  of  the  enumerated  compounds, 
including  those  not  subjected  to  chemical  purification,  prior  to  use  were  either  distilled  through  a  fractionation 
column  witlt  an  efficiency  of  17  theoretical  plates  or  they  were  distilled  twice  from  a  flask  with  dephlegmator, 
collecting  not  more  than  50%  of  the  product  each  time.  The  fractions  were  collected  in  a  boiling  point  range 
not  exceeding  0.5-1. 0*.  Diphenylmethane  was  purified  by  fractional  crystallization,  while  the  other  solids  —  1,2- 
dlphenylethane,.  1,4-diphenylbutane  and  naphthalene  —  were  purified  by  recrystallization  from  ethyl  alcohol. 

The  essential  feature  in  the  preparation  of  the  starting  compounds  is  their  degree  of  drying.  The  latter 
was  checked  by  the  amount  of  hydrogen  chloride  evolved  when  a  blank  sample  (in  the  absence  of  the  halo  deriva¬ 
tive)  was  blown  for  10  min.  This  amount  should  not  exceed  0.5  to  1.0  ml  of  0.1  N  solution.  The  desired  degree 
of  drying  was  usually  achieved  in  the  distillation,  and  for  the  liquid  hydrocarbons,  sodium  was  used  in  addition. 

It  should  be  mentioned  that  such  constants  for  the  starting  compounds  as  the  refractive  index,  boiling  point 
and  melting  point  are  not  a  sufficient  criterion  of  their  purity.  The  best  criterion  for  this  pwoved  to  be  the  coef¬ 
ficient  of  increase  in  the  reaction  rate  when  the  aluminum  chloride  concentration  was  changed  from  0.100  to 
0.203  mole/liter.  According  to  our  data  [5],  in  nitrobenzene  medium  it  is  equal  to  1.35-1.40,  in  which  connec¬ 
tion  its  Increase  indicates  the  presence  of  impurities  in  the  product,  which  exert  a  greater  deactivating  influence 
on  the  catalyst  the  smaller  its  concentration.  In  such  cases  it  was  necessary  to  purify  the  compound  further  by 
the  above  described  method  until  a  further  increase  in  the  reaction  rate  was  not  observed. 

Most  of  the  aromatic  compounds  enumerated  above  have  already  been  subjected  to  alkylation  in  die  pre¬ 
sence  of  aluminum  chloride  to  yield  cycldiexyl  derivatives.  The  following  compounds  were  obtained  in  this 
manner:  from  toluene  —  p-  and  m-cyclohexyltoluenes  [7-9];  from  chlorobenzene  and  bromobenzene  —  p-halo- 
phenylcyclohexanes  [10];  from  diphenyl,  diphenylmethane,  1,2-diphenylethane  and.naj^thalene,  respectively  — 
4-cycldiexyldiphenyl,  4-cyclohexyldiphenylmethane,  4-cyclohexyldibenzyl  and  2-cyclohexylna{dithalene  [9]; 
from  p-xylene  —  3-cyclohexyl-p-xylene  [8];  from  m-xylene  —  5-cyclohexyl-m-xylene  [8, 11];  from  anisole  — 
p-cyclohexylanlsole  [9,  12];  and  from  phenylcyclohexane  —  1,4-dicyclcrfiexylbenzene  [13].  All  of  these  reac¬ 
tions  give  an  excellent  yield  of  the  final  products,  which  justifies  their  use  for  kinetic  measurements. 

EXPERIMENTAL  RESULTS 

The  results  of  the  kinetic  measurements  are  given  in  the  following  four  tables,  in  which  connection  for 
five  of  the  compounds  the  experiments  were  run  only  at  one  temperature. 

For  all  of  the  studied  aromatic  compounds  (except  anisole)  we  found  the  same  general  rules  for  the  alkyla¬ 
tion  reaction  as  had  been  published  by  us  earlier  [5].  The  process  proved  to  be  monomolecular  with  respect  to 
the  alkyl  halide,  while  a  change  of  only  35-40%  in  the  rate  when  the  aluminum  chloride  concentration  was  approxi¬ 
mately  doubled  again  confirmed  the  fractional  order  of  the  reaction  with  respect  to  the  catalyst  when  it  (the  re¬ 
action)  was  run  in  nitrobenzene  medium.  The  solitary  exception  to  this  was  anisole,  for  which  the  calculated 
alkylation  rate  constant  decreased  with  time,  while  the  influence  of  catalyst  concentration  was  even  greater  than 
for  the  other  compounds.  On  the  assumption  that  this  depends  on  the  deactivation  of  the  aluminum  chloride  due 
to  cleavage  of  the  anisole  in  accord  with  the  reaction  C6H5OCH3  +  AICI3  — >  CSH5OAICI2  +  CH3CI,  we  extrapolated 
the  rate  constants  calculated  for  it  to  zero  reaction  time,  which  values  are  given  in  Table  5. 

The  obtained  results  are  plotted  in  Figs.  1  and  2  in  the  coordinates:  logarithm  kj-  reciprocal  of  the  tem¬ 
perature.  Although  for  some  of  the  compounds  the  measurements  were  made  only  at  three  temperatures  and  the 


2521 


TABLE  1 


Homologs  of  Benzene 


Tempera¬ 

ture 

Aluminum 
chloride 
cone,  (in 
mol^^in.) 

Number  of 
parallel 
expts. 

Average 

error 

(  in  ‘7() 

Rate  cOTstant 
k2  (liter/ mole/ 
min.) 

Toluene  (concentratltm  1,364M) 

20.0° 

0.203 

4 

1.7 

0.0352 

25.0 

0.203 

3 

1.1 

0.06 1 5 

30.0 

0.203 

6 

2.1 

0.102 

30.0 

0.049 

3 

1.3 

0.0485 

35.0 

0.049 

3 

1.3 

0.078 

40.0 

0.049 

4 

1.9 

0.123 

Ethylbenzene  (concentration  1.347M) 

20.0 

0.100 

3 

0.9 

0.0243 

25.0 

0.100 

3 

1.5 

0.0405 

30.0 

0.100 

5 

2.6 

0.069 

30.0 

0.203 

2 

0.3 

0.095 

35.0 

0.100 

3 

1.8 

0.111 

Isopropylbenzene  (concentration  1,309M) 


20.0 

0.100 

3 

1.2 

0.0213 

25.0 

0.100 

4 

2.3 

0.036 

30.0 

0.100 

3 

1.7 

0.062 

30.0 

0.203 

5 

2.1 

0.084 

35.0  . 

0.100 

2 

0.9 

0.101 

m-Xylene  (concentration  1,343M) 


25.0 

0.203 

3 

1.7 

0.0885 

30.0 

0.203 

5 

2.2 

0.147 

30.0 

0.049 

2 

1.2 

0.066 

35.0 

0.049 

3 

1.5 

0.104 

Fig.  1.  Rate  of  alkylation  as  a  function  of  the  tern-  Fig.  2.  Rate  of  alkylation  as  a  function  of  the  tem¬ 
perature  for  aromatic  hydrocarbons.  1)  Diphenyl,  perature  for  halo  derivatives  of  benzene  and  toluene. 

2)  l,2-dip>henylethane,  3)  isopropylbenzene,  4)  ethyl-  1)  Bromobenzene,  2)  chlorobenzene,  3)  p-chlorotolu- 
benzene,  5)  diphenylmethane,  6)  toluene,  7)  naphtha-  ene,  4)  o-  and  m-chlorotoluenes,  5)  fluorobenzene. 
Icne,  8)  m-xylci>e. 
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TABLE  2 


Halo  Derivatives  of  Benzene  and  Toluene  (concentration  of  aluminum 
chlcMTide  0.203  M) 


No,  of  paraUel 

Average 

Rate  constant 

Temperature 

expts. 

error 

(in%) 

kj  (liter/ mole/ 
mliu) 

Fluorobenzene  (1,397K^ 


30.0 

4 

1.4 

ft0129 

35.0 

3 

2.3 

0.0225 

40.0 

5 

1.7 

0.0375 

45.0 

4 

1.2 

0.0615 

Chlorobenzene  (1.380K0 

40.0 

6 

1.3 

0.0151 

45.0 

3 

0.9 

0.0249 

50.0 

4 

2.2 

0.039 

55.0 

3 

1.6 

0.063 

Bromobenzene  (1,377M) 

40.0 

5 

1  1-5 

0.0128 

45.0 

3 

2.9 

0.021 

50.0 

4 

3.4 

0.035 

o-Chlorotoluene  (1,35 2M) 

40.0 

4 

0.9 

0.0268 

45.0 

3 

1.7 

0.0445 

50.0 

4 

2.2 

0.071 

m-Chlorotolue 

ne  (1.35 2M) 

40.0 

4 

0.9 

0.0272 

45.0 

2 

1.3 

0.045 

50.0 

3 

i 

1.5 

-  0.0525 

p-Chloiotoluene  (1,35214) 


40.0 

5 

1.8 

0.0177 

45.0 

3 

0.9 

0.0297 

50.0 

4 

1.6 

0.047 

activation  energies  were  calculated  analytically,  the  data  for  them  are  also  shown  in  the  given  graphs,  in  order 
to  illustrate  die  degree  of  accuracy  of  the  found  constants  and  their  agreement  with  the  Arrhenius  rule.  In  plot¬ 
ting  the  measurement  results  for  toluene  and  m -xylene,  in  order  to  reduce  diem  to  the  same  catalyst  concentra¬ 
tion,  we  took  as  a  base  the  rate  constant  at  the  lowest  temperature,  from  which  by  means  of  the  temperature  coef¬ 
ficient  of  the  rate,  found  for  another  catalyst  concentration,  the  constants  for  odier  temperatures  were  calculated. 

DISCUSSION  OF  RESULTS 

The  relative  rates  of  alkylation  were  calculated  as  a  ratio  of  the  constants  obtained  for  the  given  ccxnpound 
and  benzene  (at  30*  and  an  aluminum  chloride  concentration  of  0.203  M).  The  corresponding  values  for  benzene 
were  taken  frixn  our  previous  study  [5].  For  the  halo  derivatives  of  benzene  and  toluene  the  reactivities  were 
compared  at  40*  and  the  same  catalyst  concentration,  basing  the  calculations  on  the  fluorobenzene,  for  which 
data  exist  at  both  30  and  40*. 
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TABLE  3 


Binuclear  Aromatic  Hydrocarbons 


Temperature 

Aluminum 
Chloride 
cone.  (In 
mole/ liter) 

Number  of 
parallel 
expts. 

Average 

error 
(in  %) 

Rate  constant 
ks  (liter/  mole/ 
min.) 

Diphenyl  (cMicentration  1.323M) 

25.0 

0.049 

3 

1.3 

0.0199 

30.0 

0.049 

3 

1.3 

0.0335 

30.0 

0.203 

4 

1.2 

0.074 

35.0 

0.049 

3 

1.6 

0.055 

40.0 

0.049 

4 

3.1 

0.088 

1 

Diphenylmetii 

lane  (concent 

ration  1.26 

CO 

25.0 

0.203 

3 

1.5 

0.056 

30.0 

0.203 

4 

1.7 

0.092 

35.0 

0.203 

4  1 

1.9 

0.148 

1,2-Diphenylethane  (concentration  1.239M) 

30.0 

0.049 

4 

1.6 

0.058 

30.0 

0.203 

5 

2.2 

0.125 

35.0 

0.049 

3 

2.1 

0.093 

40.0 

0.049 

4 

2.1 

0.142 

Naphthalene  (concentration  1.361M) 

20.0 

0.203 

3 

1.7 

0.052 

25.0 

0.203 

3 

2.2 

0.088 

30.0 

0.203 

4 

1.7 

0.143 

TABLE  4 

Temperature  30.0*,  Aids  concentration  0.203  M 

Expt.  1 
Nos. 

Aromatic  compound 

Hydrocarbon 

concentra¬ 

tion 

Number  of 
parallel 

expts. 

Average  j 
error  i 
(in<y,)  1 

Rate  constant  ' 
kj  (liter/ mole/ 
min.) 

1 

Butylbenzene  (sec).  . . 

1.283 

4 

1.9 

0.077 

2 

Butylbenzene  (tert) . 

1.292 

3 

0.9 

0.066 

3 

Phenylcyclohexane . 

1.373 

3 

1.4 

0.083 

4 

p- Xylene . 

1.337 

5 

2.2 

0.125 

1 ,4-  Diphenylbutane . 

1.213 

4 

1.8 

0.128 

TABLE  5 


Anisole  (concentration  1.367  M) 


Temperature 

Aluminum 

chloride 
cone.  (In  M) 

Number  of 
parallel 
expts. 

Average 

error 
(In  0]^ 

Rate  constant 
[liter/ mole/ 
min.) 

30.0° 

0.203 

4 

4 

0.058 

30.0 

0.100 

3 

3 

0.031 

35.0 

0.100 

3 

4 

0.047 

40.0 

0.100 

3 

S 

0.075 
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TABLE  6 

Reactivity  of  Aromatic  Compounds 


Expt. 

Nos. 

Relative 

Energy  of  activation 

Aromatic  compound 

reaction 

(Real,/  gram-mole) 

rate 

1 

Benzene  [5] . 

1.00 

18.7  ±:  0.8 

2 

Toluene . 

2.24 

18.2  0.5 

3 

Ethylbenzene . 

2.09 

18.1  '-0.5 

4 

Isopropylbenzene . 

1.85 

18.4  ±:  0.5 

5 

sec-Butylbenzene  .... 

1.69 

— 

6 

tert-Butylbenzene  .... 

1.45 

— 

7 

Phenylcyclohexane  ,  .  , 

1.82 

— 

8 

m- Xylene . 

3.23 

17.3  1  0.7 

9 

p-Xylene . 

2.74 

— 

10 

Diphenyl .......... 

1.63 

18.4  0.3 

11 

12 

biphenylmethane  .... 
1,2-Diphenylethane.  ,  . 

2.02 

2.75 

17.8  ±  0.3 

17.7  :±:  0.3 

13 

1 ,4-Diphenylbutane ... 

2.81 

— 

14 

Naplithalene . 

3.14 

17.8  ±  0.4 

15 

Fluorobenzene . 

0.283 

19.9  ±  0.4 

16 

Chlorobenzene  ...... 

0.114 

19.5  =t  0.5 

17 

Bromobenzene . 

0.097 

20.1  ±0.4 

18 

o-Chlorotoluene  ..... 

0.202 

19.7  ±  0.4 

19 

20 

m-Chlorotoluene . 

p-Chlorotoluene  ..... 

0.205 

0.134 

19.6  ±0.5 

19.5  ±  0.9 

21 

Anisole ........... 

1.27 

17  ±1.3 

The  relative  reaction  rates  and  calculated  activation  energies  are  summarized  in  Table  6. 

Plotting  the  obtained  results  in  the  coordinates:  logarithm  of  the  relative  reaction  rate  (R)  —  energy  of 
activation  (Fig.  3).  reveals  that  a  linear  relationship  exists  between  these  values.  Anisole  was  die  single  major 
exception  to  this,  the  data  for  which  are  in  general  the  least  accurate.  For  all  of  the  other  compounds  the  devia* 
tions  of  the  activation  energies  from  a  straight  line  do  not  exceed  300-400  cal.,  which  is  within  the  limits  of 
possible  error  in  their  determinations. 


Fig.  3.  Reactivity  of  aromatic  compounds  as  a  function  of  the  energy  of  activation. 
1)  QHsBr,  2)  C5H5CI,  3)  n-ClC4H4CHj,  4)  o-ClCjHiGHj,  5)  m-ClCeHiCH,,  6)  CsHsF, 
7)  QH,,  8)  diphenyl,  9)  C6H5CH(CH3),,  10)  CjHgCHj,  11)  CmH,,  12)  CsHjCjH,, 

13)  (C(H5)2CH2,  14)  dibenzyl,  15)  m-xylene,  16)  anisole. 
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The  presence  of  the  given  linear  relationship,  indicates  tiiat  in  the  reaction  rate  equation; 


k^  =  PZ>e 

the  factor  PZ  is  a  constant  for  all  of  the  studied  compounds,  and  that  differences  in  the  alkylation  rate  of  aromatic 
compounds  depend  only  on-variations  in  the  activation  energies.  Similar  relationships  in  substitutions  in  the  aro¬ 
matic  ring  were  also  observed  for  some  other  cases  [14],  which  permits  stating  that  this  rule  is  quite  general  for 
reactions  of  this  type. 

As  can  be  seen  from  the  data  in  the  preceding  table,  the  introduction  of  one,  or  even  more  so,  of  two  alkyl 
groups  into  the  aromatic  ring  increases  its  reactivity,  which  in  general  is  characteristic  for  electrophilic  substitu¬ 
tion  reactions  of  aromatic  compounds.  Here  either  a  lengthening  or  branching  of  the  alkyl  group  causes  a  reduc- 

tloo  in  lo  .ctlvatlng  action;  >  CtH,  >  (CHa).,CH  >  >  (CH,),C. 


A  similar  influence  of  the  structure  of  the  alkyl  group  was  observed  in  the  chlorination  [15]  and  bromina- 
tion  [16]  of  aromatic  compounds,  and  also  in  the  experiments  of  Condon  [3]  when  he  alkylated  benzene  with  pro¬ 
pylene.  The  latter  author  ascribes  the  given  phenomenon  as  due  to  ortho- substitution 
steric  hindrance.  However,  to  us  it  seems  more  valid  to  attribute  it  to  the  o  -  rt  conjuga¬ 
tion  effect. 


In  comparison  to  other  substitution  reactions  in  the  aromatic  ring,  alkylation  by 
the  Friedel-Crafts  method  is  characterized  by  a  weak  influence  of  the  alkyl  group  on  the 
reactivity.  Thus,  the  rate  for  the  bromination  of  toluene  when  compared  with  benzene  is  467  [17],  for  chlorina¬ 
tion  it  is  353  [15],  for  nitration  it  is  23  [18],  for  acetylation  in  the  presence  of  aluminum  chloride  it  is  13.3  [19], 
for  sulfonationit  is  5.1  [20],  while  for  alkylation,  according  to  our  data,  it  is  equal  to  2.24,  according  to  C(»idon 
it  is  equal  to  2.1  [3],  and  according  to  Brown  and  Grayson  it  is  equal  to  1.64  [4].  Such  a  marked  variation  must 
be  due  to  polarization  effects,  arising  under  the  influence  of  the  electrophilic  reagents  attacking  the  molecule, 
which  possess  a  variable  positive  charge.  Such  a  viewpoint  also  makes  it  possible  to  understand  the  differences 
in  the  figures  given  for  the  alkylation  reaction,  since  these  figures  were  obtained  with  alkylating  agents  of  dif¬ 
ferent  activity. 


For  binuclear  aromatic  compounds  of  the  type  of  diphenyl  and  diphenylalkanes  the  reactivity  increases 
with  increase  in  the  distance  between  die  two  aromatic  rings.  When  compared  with  benzene  homologs,  these 
compounds  possess  twice  as  many  active  centers  at  which  substitution  can  occur.  Consequently,  to  find  the  actual 
degree  of  activation  of  each  of  their  benzene  rings  it  is  necessary  to  divide  the  figures,  given  for  them  in  Table  3, 
in  half.  Then  it  becomes  apparent  that  the  phenyl  group  is  an  electronegative  substituent,  deactivating  the  se¬ 
cond  benzene  ring  in  the  diphenyl  molecule.  Removal  of  the  j^nyl  group  reduces  its  electronegative  action, 
and  when  the  distance  between  the  two  phenyl  groups  is  sufficiently  great  the  phenylalkyl  group  begins  to  approxi¬ 
mate  an  alkyl  group  in  its  activating  influence.  This,  undoubtedly,  is  the  reason  for  the  gradual  damping  of  the 
electronegative  induction  effect  of  the  phenyl  group. 


Examination  of  the  data  for  the  halo  derivatives  of  ben2sene  and  toluene  reveals  that  the  introduction  of  a 
halogen  atom  decreases  the  reactivity  of  the  aromatic  ring  in  its  alkylation.  lodobenzene  proved  to  be  especially 
inactive  in  this  respect,  which  in  nitrobenzene  solution  at  an  aluminum  chloride  concentration  of  0.203  M  and 
a  temperature  of  40*  reacts  very  slowly  with  cyclohexyl  chloride.  Here  the  total  amount  of  hydrogen  chloride 
evolved  in  5  min  was  about  0.03  mmole,  which  makes  possible  only  an  approximate  calculation  of  the  rate  con¬ 
stant  (kj  =  0.002  min"  Y  being  approximately  one  tenth  of  the  value  for  bromobenzene. 


Consequently,  in  their  deactivating  action  on  the  benzene  ring  in  its  alkylation  the  halogen  substituents 
fall  into  the  following  order:  I  »  Br  >  Cl  »  F  »  H. 

A  similar  regular  order  of  their  arrangement,  reverse  to  the  change  in  the  induction  effect,  depends,  appa¬ 
rently,  on  the  conjugation.  It  should  be  mentioned  that  Ingold  and  Smith  [21]  disclosed  a  different  sequence  in 
the  case  of  nitration:  Br  >  Cl  >  I  F  >  H. 


2626 


The  deactivating  influence  exerted  by  halogen  atoms  during  alkylation  in  die  presence  of  aluminum  chloride 
proved  to  be  nearly  the  same  as  in  chlorination  [22],  but  much  smaller  than  in  die  case  of  nitration  [21].  Accord¬ 
ing  to  the  data  of  Brown  and  Grayson,  the  relative  rate  for  the  alkylation  of  chlorobenzene  is  much  higher  than 
the  value  obtained  by  us  (0.47  instead  of  0.114).  This  also  possibly  depends  on  the  differences  in  the  activity  of 
the  alkylating  agents.  , 

The  deactivating  influence  exerted  by  halogen  substituents  on  the  aromatic  ring  greatly  exceeds  the  acti¬ 
vating  influence  exerted  by  alkyl  groups,  which  can  be  clearly  seen  from  the  example  of  the  chlorotoluenes, 
which  react  more  slowly  than  does  benzene.  Of  the  chlorotoluenes  the  least  reactive  proved  to  be  die  para-iso¬ 
mer,  in  which  the  cxienting  influence  exerted  by  the  substituents  is  opposed  to  each  other.  Regarded  frcrni  diis 
viewpoint  it  seems  somewhat  strange  that  the  m-  and  o- chlorotoluenes  have  nearly  the  same  activity.  A  probable 
explanation  for  this  is  the  factor  of  steric  hindrance  when  the  meu-isomer  is  alkylated  in  die  ortho- position  to 
the  substituents  already  present,  which  is  not  the  case  for  o-chlorotoluene. 

In  combination  with  the  data  for  the  p-  and  m -xylenes  it  becomes  possible  to  give  the  following  order  for 
variation  in  the  reactivities  of  disubstituted  benzene  derivatives:  meta  ortho  >  para. 

The  obtained  results  give  a  fairly  complete  picture  of  the  influence  exerted  by  substituents  on  the  reactivity 
of  aromatic  compounds  when  alkylated  in  the  presence  of  aluminum  chloride,  which  also  permits  predicting  to 
some  degree  the  results  for  other  compounds. 

SUMMARY 

1.  The  reactivity  of  21  arixnatic  compounds  was  studied  when  they  were  alkylated  with  cyclohexyl  chlor¬ 
ide  in  the  presence  of  aluminum  chloride,  and  the  energies  of  activation  were  determined  for  15  of  them. 

2.  The  influence  of  various  structural  factors  on  this  reaction  was  shown,  including  the  structure  of  the 
alkyl  group,  the  nature  of  the  halogen  atoms,  the  position  of  a  phenyl  substituent  in  the  side  chain,  and  others. 

3.  It  was  shown  that  differences  in  the  reactivities  of  aromatic  compounds  when  alkylated  depend  only  on 
variations  in  the  energies  of  activation,  with  the  PZ  factor  of  fhe  rate  equation  remaining  constant. 
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POISONING  ACTION  OF  SOME  SILANES  ON  PLATINUM  CATALYST 


A.  F.  Plate  and  N.  A.  Belikova 


The  first  to  observe  die  poisoning  of  a  platinum  catalyst  were  Dobereiner  and  Faraday  [1]  more  than  a  hun¬ 
dred  years  ago,  and  in  diiscase  sulfur  compounds  proved  to  be  the  reason  for  the  poisoning.  As  regards  organo- 
silicon compounds ,  the  following  cases  of  their  poisoning  metallic  catalysts  are  known;  dimethylsiloxane  vapcnrs 
prevent  die  reaction  of  hydrogen  with  oxygen  on  a  platinum  catalyst  [2],  while  triphenylsilanol  cannot  be  hydro¬ 
genated  over  nickel  oxide  [3],  However,  A.  D.  Petrov  and  S.  I.  Sadykh-zade  [4]  were  able  to  hydrogenate,  both 
completely  and  partially,  silicohydrocarbons,  containing  double  and  triple  bonds,  in  the  presence  of  palladium 
oxide  deposited  on  calcium  carbonate.  It  is  also  known  that  platinum  black  or  platinum  on  asbestos  or  on  silica 
gel  are  catalysts  for  the  addition  of  organosilicbn  compounds,  containing  the  Si— H  bond,  to  the  double  bond  of 
olefins  [5]: 


\  /  >1 
>C:--C<  R  ,SiH  ->  K  ,Si— C— C— H 

^  II 

Attempts  to  obtain  compounds  with  a  silicon  atom,  in  a  ring  containing  aromatic  double  bonds,  starting 
with  pentamethylenesilane  and  methylpentamethylenesilane,  in  the  presence  of  either  platinum  or  palladium 
catalyst,  at  temperatures  up  to  500”,  failed  to  give  positive  results  [6].  Strictly  speaking,  the  data  known  to  us 
on  the  reaction  of  organosilicon  compounds  with  metallic  catalysts  are  limited  to  the  above. 

The  behavior  of  six-  and  five-membered  cyclic  hydrocarbons  in  the  presence  of  platinized  carbon  is  well 
known:  six-membered  hydrocarbons  at  300*  are  smoothly  converted  into  benzene  and  its  homologs  [7],  while 
five-membered  hydrocarbons  in  the  presence  of  hydrogen  suffer  hydrogenolysis  with  cleavage  of  the  five-membered 
ring  and  are  transformed  into  paraffinic  hydrocarbons  [8].  It  could  be  assumed  that  five-membered  silicohydro¬ 
carbons  with  one  silicon  atom  in  the  ring,  in  the  presence  of  hydrogen,  will  also  suffer  hydrogenolysis,  but  in  this 
case,  in  contrast  to  the  hydrocarbons,  it  is  possible  for  rupture  to  occur  at  both  tlic  C— C  and  the  Si— C  bonds. 
However,  it  was  shown  experimentally  that  cyclic  silicohydrocarbons  behave  differently  in  the  presence  of  pla¬ 
tinized  carbon  than  do  the  cyclic  hydrocarbons. 

When  we  attempted,  in  the  presence  of  platinized  carbon  at  300*,  the  hydrogenolysis  of  the  five-membered 
silicohydrocarbon  —  dimethyltetramethylenesilane  —  and  the  six-membered  silicdiydrocarbon  —  dimethylpenta- 
methylenesilane  —  we  found  that  these  compounds  act  as  selective  poisons  for  platinum  catalyst.  Such  an  obser¬ 
vation  merited  a  more  detailed  study,  since  the  use  of  selectively  acting  poisons  can  be  of  some  practical  interest, 
while  examples  of  the  selective  poisoning  of  catalysts  are  not  too  numerous. 

EXPERIMENTAL 

The  preparation  of  the  dimethyltetramethylenesilane  and  dimethylpentamethylenesilane  has  been  described 
earlier  [9,  10].  Tetraethylsilane  was  obtained  by  the  reaction  of  ethylmagnesium  bromide  with  silicon  tetrachlor¬ 
ide.  The  properties  of  the  starting  silicohydrocarbons  were;  dimethyltetramethylenesilane,  b.  p.  106.0-106.1* 
at  760  mm,  ^  1.43487,  d|®  0.7938;  m,  p.  —92*;  dimethylpentamethylenesilane:  b.  p.  131.2-131.3*  at  740  mm, 
np  1.4428,  dj”  0.8111;  tetraethylsilane,  b.  p.  152.0-152.2*  at  758  mm,  n^  1.4265. 
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Poisoning  action  of  silanes  on  platinum  catalyst. 
Experimental  conditions  are  given  in  the  table  and 
text. 


The  catalyst  —  platinized  carbon  (15<7o  Pt)  —  was 
prepared  by  the  method  of  [11].  The  catalyst,  in  an 
amount  of  either  5  or  10  ml  (either  1.5  or  3  g),  was 
placed  in  a  glass  tube  with  a  diameter  of  10  mm,  heated 
in  a  tube  furnace  with  temperature  control,  and  reduced 
in  a  stream  of  hydrogen  at  300-320“  for  1  hr.  The  hydro¬ 
gen  was  obtained  by  electrolysis.  To  determine  the  ac¬ 
tivity  of  the  catalyst  we  passed  cyclohexane  (b.  p.  80.4- 
80.5*  at  750  mm,  n^  1.4262)  over  it  for  2  hrs  at  300“ 
and  a  space  velocity  of  0.32;  the  catalyzate  had  n^ 
1.4942,  i.  e.,  it  contained  94‘5fc  benzene.  Each  experi¬ 
ment  was  run  with  a  fresh  portion  of  catalyst,  having 
the  activity  indicated  above.  A  uniform  liquid-feed 
piston  pump  [12]  was  used  to  feed  the  silicohydrocarbon 
or  its  solution  in  cyclohexane  into  the  tube.  The  space 
velocity  in  all  of  the  experiments  was  0.30-0.32. 

Experiments  with  dtmethyltetramethylenesilane. 
Dimethyltetramethylenesilane  (9.7  g)  (0.08  mole)  was 
passed  over  10  ml  (3  g)  of  platinized  carbon  (15%  Pt) 
in  a  stream  of  hydrogen  at  300“.  The  catalyzate  (9.3  g) 
had  b.  p.  104-105“  at  750  mm  and  njJ, 1.4347,  i.  e.,  it 
represented  the  starting  silane. 


Results  of  Experiments  on  die  Poisoning  of  Platinized  Carbon  by  Silanes  in  Cyclohexane 
Solution  (Space  Velocity  0.32;  13  ml  of  Solution  was  Passed  Through  in  Each  Experiment) 


Expt. 

No. 

Formula  of  silane 

Concen- 

tratiai 
(vol,  ^ 

Expu 
teinpera- 
1  ture 

hp  of  cataly¬ 
zate  at  end 
of  expt, 

1 

%  conversion  of 
CjHij  into  at 

300“  at  end  of  expt. 

1 

^  ^CH, 

i  ' 

300 

1.4261 

i  0 

i 

2 

- -  yCH, 

1  0-1 

300 

1.4907 

3 

1 - \ 

' - 

1 

1 

250 

1.4440 

31 

^  i 

1— \ 

1 

1 

i  200 

1.4658 

59 

5  ' 

CH, 

<_>< 

' —  CH, 

1 

300 

1.4315 

I  9 

6 

Si(CvH,), 

1 

300 

1  1.4682 

63 

To  determine  die  activity  of  the  catalyst  after  passing  the  silane  over  it  we  immediately  passed  cyclohexane 
over  die  catalyst  at  300“  and  a  space  velocity  of  0.32.  The  obtained  catalyzate  had  n^  1.4262,  i.  e.,  it  was  the 
original  cyclohexane.  Then  benzene  (n^  1.5009)  was  passed  over  the  catalyst  at  180-190“  and  with  the  same  velo¬ 
city  as  before,  in  a  slow  stream  of  hydrogen.  The  obtained  catalyzate  had  n^  1.5009,  i.  e.,  the  benzene  was  not 
hydrogenated  under  these  conditions.  When  1 -methyl- 2-cyclopentene  (n^  1.4218)  was  passed  over  the  same  cata¬ 
lyst  a  catalyzate  was  obtained  that  failed  to  decolorize  bromine  water  and  had  njp  1.4100,  i.  e.,  it  represented  the 
saturated  methylcyclopentane. 


Experiments  with  tetraediybilane.  Tetraethylsilane  (11.8  g)  (0.08  mole)  was  passed  over  10  ml  of  the 
catalyst  in  a  stream  of  hydrogen  at  300“.  The  catalyzate  (11.5  g)  had  n^  1.4265,  i.  e.,  it  represented  the  unchanged 
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silane.  To  determine  the  activity  of  the  catalyst  some  cycldiexane  was  passed  through  it  at  300*;  the  obtained 
catalyzate  had  n^  1.4420,  i.  e.,  it  contained  ~  30%  benzene. 

Experiments  with  solutions  of  dimethyltetramethylenesilane,  dimethylpentamethylenesilane  and  tetraethyl- 
silane  in  cyclohexane.  1%  and  0.1%  (by  volume)  solutions  of  dimethyltetramethylenesilane,  dimethylpentamethyl¬ 
enesilane  and  tetraethylsilane  were  passed  over  5  ml  (1.5  g)  of  platinized  carbon  at  300,  250  and  200*.  Samples 
of  the  catalyzate  were  taken  at  15-20  min  intervals  and  its  refractive  index  was  determined.  The  experimental 
results  are  given  in  the  table  and  plotted  on  the  graphs,  where  the  volume  of  catalyzate  taken  is  plotted  in  milli¬ 
liters  along  the  abscissa,  while  the  corresponding  index  of  refraction  is  plotted  along  the  ordinate.  The  shape  of 
the  curves  reflects  the  loss  in  catalyst  activity  relative  to  the  dehydrogenation  of  cyclohexane.  In  Expts.  3  and 
4,  where  the  poisoning  of  the  catalyst  by  dimethyltetramethylenesilane  solution  was  done  at  200  and  250*,  the 
degree  of  catalyst  poisoning  was  determined  by  the  subsequent  passage  of  cyclohexane  over  It  at  300*. 

Regeneration  of  poisoned  platinized  carbon.  I.  To  10  ml  of  platinized  carbon,  completely  poisoned  after 
treatment  with  dimethyltetramethylenesilane,  was  added  1-2  ml  of  ethyl  alcohol  and  the  latter  was  ignited.  The 
alcohol  burned  for  several  min,  and  then  the  carbon  continued  to  glow  for  another  5-7  min.  The  Pt-carbon  treated 
in  this  manner  was  then  reduced  in  a  stream  of  hydrogen  at  300-320!,  after  which  its  activity  was  determined. 
When  cyclohexane  was  passed  over  it  at  300*  and  a  space  velocity  of  0.32  a  catalyzate  was  obtained  with  n^ 
1.4468,  containing  35% benzene. 

II.  Five  milliliters  of  the  catalyst,  completely  poisoned  in  the  same  manner  as  described  above,  was 
treated  in  a  lead  vessel  for  1  hr  with  hydrogen  fluoride  vapors,  with  heating  of  the  vessel  on  a  boiling  water  bath. 
After  washing  with  distilled  water  for  5-6  hrs  and  drying  at  105-110*  for  2  hrs  the  catalyst  was  reduced  in  a  stream 
of  hydrogen  at  300-320*.  Passage  of  cyclohexane  over  the  catalyst  at  a  space  velocity  of  0.4  gave  a  catalyzate 
with  np  1.4907,  i.  e.,  the  amount  of  benzene  in  it  was  90%. 

DISCUSSION  OF  RESULTS 

From  an  examination  of  the  obtained  data  it  follows  that  silicohydrocarbons,  both  as  such  and  when  taken 
as  dilute  solutions  in  cycldiexane,  poison  platinized  carbon  relative  to  the  dehydrogenation  of  cyclohexane  and 
the  hydrogenation  of  benzene.  However,  here  the  catalyst  retains  the  ability  to  hydrogenate  the  double  bond. 
Cyclic  silanes  are  stronger  catalyst  poisons  than  is  the  acyclic  silane  —  tetraethylsilane.  Dimethyltetramethyl¬ 
enesilane,  having  a  five-membered  ring,  is  a  somewhat  stronger  catalyst  poison  than  dimediylpentamethylene- 
silane,  having  a  six-membered  ring  in  its  molecule.  To  completely  poison  5  ml  (1.5  g)  of  15%  Pt-carbon  rela¬ 
tive  to  the  dehydrogenation  of  cyclohexane  requires  the  passage  of  about  13  ml  of  a  1%  (by  volume)  dimethyl¬ 
tetramethylenesilane  solution  at  300*  and  a  space  velocity  of  0.32,  i.  e.,  about  0.1  g  (0.0088  mole)  of  the  silane 
is  required  (figure,  Expt.  1).  The  same  amount  of  a  0.1%  solution  at  the  same  temperature  turns  out  to  be  almost 
without  effect  as  a  catalyst  poison  (Expt.  2). 

The  higher  the  experiment  temperature  (in  the  interval  200-300*),  the  more  rapidly  is  the  catalyst  poisoned. 
Thus,  13  ml  of  a  1%  dimethyltetramethylenesilane  solution  at  300*  completely  poisons  5  ml  of  the  catalyst,  while 
if  the  same  amount  of  solution  is  passed  through  at' 250*  the  catalyst  continues  to  dehydrogenate  cyclohexane  to 
the  extent  of  31%,  and  if  the  same  experiment  is  run  at  200*  —  even  to  the  extent  of  60%.  Such  a  dep>endence  of 
catalyst  poisoning  on  the  temperature  is  evidence  that  apparently  the  poisoning  process  is  determined  not  by  ad¬ 
sorption  of  the  original  silane,  but  by  the  blocking  of  the  active  centers  of  the  catalyst  by  its  decomposition  pro¬ 
ducts.  Such  a  poisoning  results  not  only  in  the  deposition  of  a  carbonaceous  film  [13]  (since  as  the  result  of  oxi¬ 
dation  the  activity  of  the  catalyst  is  only  partially  restored),  but  also  in  the  deposition  of  silicon  or  its  compounds 
on  the  catalyst  surface,  since  after  treating  the  poisoned  catalyst  with  hydrogen  fluoride  the  catalyst  again  dis¬ 
plays  its  original  activity. 

The  fact  that  a  five-membered  silane  exerts  the  greatest  catalyst-poisoning  effect  is  possibly  associated 
with  the  strain  that  is  suffered  by  a  five-membered  cycle  with  one  silicon  atom  [14]. 

Consequently,  both  cyclic  and  acyclic  silicohydrocarbons  are  poisons  for  platinized  carbon,  but  the  cyclic 
members  exert  a  much  stronger  action.  The  probable  explanation  for  this  is  that  rupture  of  the  Si— C  bond  in  die 
presence  of  Pt-carbon  proceeds  with  greater  ease  in  the  case  of  the  cyclic  than  in  the  case  of  the  acyclic  system. 

A  similar  difference  in  the  stability  of  Si— C  bonds  was  observed  by  us  earlier  in  the  action  of  concentrated  sul¬ 
furic  acid  on  various  cyclic  and  acylic  silicohydrocarbons  [10]. 
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SUMMARY 


1.  It  was  established  that  very  small  amounts  of  silicohydrocarbons,  especially  the  cyclic  derivatives,  cause 
the  poisoning  of  platinized  carbon  relative  to  the  dehydrogenation  of  cyclohexane  and  the  hydrogenation  of  ben¬ 
zene,  although  the  catalyst  retains  the  ability  to  hydrogenate  double  bonds. 

2.  The  process  of  poisoning  Pt-carbon  at  various  temperatures  and  concentrations  of  silicohydrocarbons  in 
cyclohexane  solutions  was  studied. 
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SYNTHESIS  OF  ENYNES  BY  THE  METHOD  OF  EXHAUSTIVE  METHYLATION 


Y  a .  M  .  S  lobodin 


The  question  of  triple  bond  formation  in  the  thermal  decomposition  of  quaternary  ammonium  bases  repre¬ 
sents  great  interest.  The  literature  on  this  question  is  inadequate  and  somewhat  contradictory.  We  had  shown 
[1]  that  the  decomposition  of  bis (trimethylammonium)  ethane  hydroxide  gives  acetylene  in  good  yield.  It  was 
also  established  by  us  [2]  that  the  thermal  decomposition  of  1,2-bis (trimethylammonium) propane  hydroxide, 

1.3- bis(trimethylammonium)propane  hydroxide  and  trimethylallylammonium  hydroxide  yields  methylacetylene 
in  all  cases;  in  not  one  of  the  enumerated  cases  did  the  formation  of  allene  occur. 

According  to  the  data  obtained  by  Hurd  and  Drake  [3],  the  decomposition  of  1,2-bis  (trimethylammonium) 
butane  hydroxide  leads  to  the  formation  of  a  mixture  of  products,  containing  ethylacetylene  and  56<^()  metfiyl- 
allene.  Divinyl  was  not  found  among  the  decomposition  products  by  the  mentioned  authors.  The  decomposition 
of  2,3-bis(trimetiiylammonium) butane  hydroxide  gave  a  hydrocarbon  mixture,  containing  42-41%  divinyl.  The 
remainder,  in  the  opinion  of  the  authors,  was  a  mixture  of  methylallene  and  dimethylacetylene. 

In  contradiction  to  these  data  we  found  [4]  that  the  decomposition  of  2,3-bis  (trimethylammonium)  butane 
hydroxide  yields  only  divinyl.  The  formation  of  methylallene,  dimethylacetylene  and  ethylacetylene  in  notice¬ 
able  amounts  was  not  observed.  Similar  results  were  obtained  by  Mannich  and  Margotte  in  the  deccxn position  of 

1.3- bis(trimethylammonium)butane  hydroxide,  where  only  divinyl  is  formed  [5].  As  a  result,  the  data  of  Hurd 
and  Drake  [3]  are  not  supported.  It  could  be  postulated  that  acetylenes  are  formed  in  the  decomposition  of  only 
such  bis-ammonium  bases  as  contain  not  more  than  three  carbons  in  the  hydrocarbon  chain.  When  four  and  more 
carbon  atoms  are  present  in  the  hydrocarbon  chain  then  only  such  hydrocarbons  are  formed  as  contain  a  conjuga¬ 
ted  system  of  double  bonds.  Independent  of  the  number  of  carbon  atoms  the  formation  of  allenes  does  not  occur. 

The  possibility  of  obtaining  hydrocarbons,  containing  a  conjugated  syrstem  of  ethylene -acetylenic  bonds  in 
a  chain  with  four  or  more  carbon  atoms,  by  the  method  of  exhaustive  methylation  is  also  quite  obscure.  It  could 
be  postulated  that  enynes  will  be  obtained  both  in  the  thermal  decomposition  of  hydroxides,  containing  one  am¬ 
monium  group  and  two  double  bonds,  and  in  the  decomposition  of  hydroxides,  containing  two  quaternary  ammon¬ 
ium  groups  and  one  double  bond.  Compounds  belonging  to  the  first  type  include: 


CH2 

[(CH3)3NCH2CH2CH=C=GH2]  I-  and  [  (CH3)3N(!cH2CH=CHz 


I- 


which  were  first  obtained  by  Ladenburg,  and  then  by  von  Braun  and  Teuffert  [6].  The  authors  assigned  the  wrong 
structure  to  both  the  intermediate  products  and  the  final  hydrocarbon,  which  was  later  rectified  in  our  study  [7], 
where  it  was  shown  that  the  final  product  is  the  enyne  —  l-penten-3-yne  (pyrylene). 

Of  the  compounds  belonging  to  the  second  type,  only  l,4-bis(trimethylammonium)- 2-butene  hydroxide  [8] 
and  2,5-bis(trimethylammonium)-3-hexene  hydroxide  [1]  have  been  studied.  When  heated  in  a  vacuum  (13  mm) 
the  first  of  these  hydroxides  gave  vinylacetylene  in  comparatively  low  yield  (about  29%).  We  ran  some  experi¬ 
ments  on  the  decomposition  of  this  hydroxide  at  atmospheric  pressure.  Here  we  obtained  only  traces  of  vinylace¬ 
tylene.  When  decomposed  at  atmospheric  pressure  the  second  of  the  mentioned  hydroxides  gave  2-hexen-4-yne 
in  85%  yield. 
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In  addition  to  this,  we  give  in  the  present  ccmimunication  the  data  obtained  for  the  thermal  decomposition 
<rf  l,4-bis(trimelhylammonium)-2-pentene  hydroxide  and  l,4-bis(trimethylammonium)-2-methyl-2-butene 
hydroxide.  In  its  decomposition  the  first  of  these  bases  can  form  two  hydrocarbons  with  a  conjugated  system  of 
acetylene -ethylenic  bonds,  (I)  and  (II).  The  second  base  can  form  only  one  hydrocarbon  (III). 

CH3 

I 

CHi-C=C-CH=CH2  (I)  CH3CH=CH-C=CH  (II)  CH2=C-C=CH  (III) 

The  distillation  of  l,4-bis(trimethylammonium)-2-pentene  bromide  with  40%  caustic  solution  gave  a  40% 
yield  of  a  hydrocarbon,  which  had  the  following  properties: 

B.  p.  58-59’,  df  0.7390,  n”  1.4574.  Found  %:  C  90.72;  H  8.75.  CsH,.  Calculated  %;  C  90.91;  H  9.09. 

The  hydrocarbon  is  unstable  and  when  stored  for  4  months  it  showed  30%  polymerization.  It  reacts  partially 
with  an  ammoniacal  solution  of  silver  oxide.  One  gram  of  die  hydrocarbon  gave  0.04  g  of  the  silver  derivative, 
which  calculates  as  1.4%  of  the  a-acetylenic  hydrocarbon.  The  Raman  spectrum  of  the  hydrocarbon  was  found 
to  contain  the  following  group  of  frequencies  tr(in  cm**^):  1590,  1605,  1618,  1936,  2046,  2102,  2245,  which  sup¬ 
port  its  structure  as  being  a  conjugated  enyne. 

As  a  result,  it  was  established  that  the  distillation  of  l,4-bis(trimethylammonium)-2-pentene  bromide 
with  caustic  yields  a  mixture  of  hydrocarbons,  containing  chiefly  l-penten-3-yne.  Its  isomer  —  3-penten-l-yne  — 
is  formed  in  limited  amount.  When  l,4-bis(trimethylammonlum)-2-meihyl- 2-butene  hydroxide  was  subjected 
to  thermal  decomposition  the  yields  of  hydrocarbon  were  exceedingly  small.  A  large  amount  of  polymeric  forms 
remained  in  the  distillation  flask.  A  comparison  of  the  yields  of  various  enynes  obtained  by  the  Hofmann  reac¬ 
tion  reveals  that  these  hydrocarbons  are  formed  in  good  yields  in  those  cases  where  the  acetylenic  bond  is  not 
found  at  the  end  of  the  chain.  It  is  possible  that  this  is  associated  with  the  great  tendency  shown  by  enynes  with 
an  a-acetylenic  bond  to  polymerize. 


SUMMARY 

1.  It  was  shown  that  the  diermal  decomposition  of  l,4-bis(trimethylammonium)-2-pentene  hydroxide 
yields  a  mixture  of  enynes.  In  which  l-penten-3-yne  predominates.  Its  isomer  —  3-penten-l-yne  —  is  formed 
in  limited  amount. 

2.  The  yields  of  enyne  are  exceedingly  small  in  the  thermal  decomposition  of  l,4-bis(trimethylammon- 
ium)-2-methyl- 2-butene  hydroxide. 

3.  It  was  observed  that  enynes  are  formed  in  good  yields  in  the  thermal  decomposition  of  the  correspond¬ 
ing  unsaturated  bis-ammonium  bases  in  those  cases  where  the  acetylenic  bond  is  not  found  at  the  end  of  the  chain. 
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SYNTHESIS  OF  ORG  A  NOSILICON  COMPOUNDS 


II.  COMPARATIVE  ACTIVITY  OT  VARIOUS  TYPES  OF  CONTACT  MASSES  USED  FOR 
THE  SYNTHESIS  OF  METHYLCHLOROSILANES 

V.  S.  Fikhtengolts  and  A.  L.  Klebansky 


The  x-ray  structure  analysis  of  contact  masses,  used  for  the  synthesis  of  methylchlorosilanes,  permitted  us 
to  establidi  that  copper  shows  transition  into  an  intermetallic  compound  with  silicon  [1].  The  mechanism  pro¬ 
posed  by  us  for  the  direct  synthesis  reaction  is  based  on  a  reduction  in  the  energy  of  dissociation  of  the  methyl 
chloride  adsorbed  on  the  surface  of  the  contact  mass  under  the  influence  of  the  ionized  intermetallic  cranpound, 
which  is  first  of  all  expressed  in  a  reduction  of  the  temperature  for  the  process. 

The  main  product  of  the  reaction  of  methyl  chloride  with  silicon  is  dimethyldichlorosilane,  an  exceedingly 
valuable  industrial  product,  since  it  serves  as  the  starting  monomer  for  the  preparation  of  dime  thy  Ipolysiloxane 
rubber.  The  odier  products  of  the  reaction  are  formed  as  the  result  of  various  side  reactions,  proceeding  concur¬ 
rently  with  the  main  reaction,  in  which  connection  the  relative  ratio  of  the  side  reactions  in  the  general  {xrocess 
increases  with  increase  in  the  temperature  [2]. 

As  a  result,  the  temperature  at  which  methyl  chloride  begins  to  react  with  silicon,  and  the  related  amount  of 
dimethyldichlorosilane  which  is  contained  in  the  condensate,  can  serve  as  criteria  of  the  activity  of  a  contact 
mass.  On  the  basis  of  the  proposed  mechanism  for  the  reaction  it  can  be  expected  that  the  most  active  will  prove 
to  be  those  contact  masses  in  which  the  most  complete  transition  of  copper  into  the  intermetallic  ctmipound  is 
observed. 


TABLE  1 


Comparison  of  the  Efficiency  of  Various  Contact  Masses* 


Expt 

No. 

Initial 

rime  of 

Silicon 

Degree 

Yield 

Contact  mass 

expt. 

temp. 

contact 
(in  sec.) 

utiliza¬ 

tion 

(in  <7() 

of  con¬ 
version 
(in  %) 

Condensate 
from  100  g 
contact  masi 

(g/hour) 

based  on 
reacted 
silicon 
(in<^ 

1 

Powdered 

alloy . 

335° 

3.5 

52 

37 

9.8 

44 

2 

Briquets  of  elemental 
Si  and  Cu . 

335 

34 

35 

64.5 

5.6 

36 

3 

Briquets  with  chemicd 
ly  precipitated  Cu 

300 

26 

49 

79 

8.8 

39 

4 

The  same . 

265 

23 

76.5 

64 

11.1 

43.5 

*  Expts.  1-3  were  run  in  an  electric  furnace,  and  Expt.  4  was  run  in  a  saltpeter  bath. 

The  relative  activity  of  different  contact  masses  was  compared  by  the  method  of  running  control  experi¬ 
ments,  with  a  painstaking  study  of  the  reaction  products  and  obtaining  a  material  balance  for  the  experiment. 

By  means  of  a  number  of  preliminary  experiments  it  was  established  that  the  purity  of  its  ccnnponents  was  of  im¬ 
portance  to  a  contact  mass.  Consequently,  in  preparing  the  contact  masses  we  used  either  Kr-0  (99.5%  Si)  or 


Kr-1  (99.0%  Si)  silicon,  electrolytic  copper  powder  and  chemically  pure  cuprous  chloride,  prepared  by  us  by  the 
method  of  [3],  which  after  preparation  was  vacuum -dried. 

The  first  experiments  on  the  preparation  of  methylchlorosilanes  were  run  in  a  glass  tube,  heated  in  an  elec¬ 
tric  furnace;  however,  when  we  started  to  use  active  contact  masses  it  was  found  that  the  direct  synthesis  reac¬ 
tion  has  an  exothermic  character.  As  a  result  of  this  we  frequently  observed  self-heating  of  the  contact  mass  dur¬ 
ing  experiment  with  a  very  substantial  temperature  rise  in  the  reaction  zone.  In  order  to  facilitate  the  removal 
of  excess  heat  during  reaction  we  used  a  copper  apparatus,  placed  in  a  bath  containing  a  melt  composed  of  equi¬ 
molar  amounts  of  KNO3  and  NaNOs  and  having  m.  p.  220‘  When  the  experiments  were  run  under  these  conditions 
the  reaction  temperature  proved  to  be  30-50*  lower  than  when  run  in  a  tube  furnace. 

The  most  complete  transition  of  copper  into  intermetallic  compound  was  observed  for  the  alloy  of  silicon 
with  copper  (20%).  To  avoid  oxidation  of  the  copper  the  fusions  were  run  in  a  nitrogen  atmosphere.  However, 
due  to  its  lack  of  porosity  the  alloy  has  a  very  small  active  surface,  as  a  result  of  which  the  yield  of  dimethyl- 
dichlorosilane  was  low,  and  the  utilization  of  silicon  was  only  5-10<55).  Completely  satisfactory  results  were  ob¬ 
tained  only  when  the  alloy  was  crushed  into  particles  with  a  size  not  exceeding  0.3  mm  (Table  1).  It  is  possible 
to  assume  that  grinding  the  alloy  to  a  dustlike  state  and  running  the  process  under  conditions  that  would  assure 
good  mixing  of  the  methyl  chloride  with  the  dustlike  contact  mass  could  lead  to  a  further  improvement  in  the 
results. 


Fig.  1.  Variation  in  the  yields  of  reaction  products  in  Fig.  2.  Change  in  the  composition  of  the  condensate 

the  synthesis  of  methylchlorosilanes.  i)  Condensate,  in  the  synthesis  of  methylchlorosilanes.  1)  dimethyl- 

2)  gaseous  {xoducts,  3)  dimethyldichlorosilane,  4)  me-  dichlorosilane,  2)  methyltrichlorosilane. 
thyltrichlorosilane . 

The  least  transition  of  copper  into  intermetallic  compound  was  observed  for  the  contact  mass  that  was  ob¬ 
tained  by  the  pressing  into  pellets  of  powdered  silicon  and  copper  (20%),  with  subsequent  baking  of  the  pellets 
in  either  a  nitrogen  or  hydrogen  atmosphere  at  800*.  The  high  temperature,  required  for  the  conversion  of  the 
copper  into  intermetallic  compound,  was  responsible  for  its  low  degree  of  dispersion.  The  experiments  run  with 
this  contact  mass  gave  less  satisfactcvy  (Table  1)  and  poorly  reproducible  results.  The  contact  mass,  seemingly 
prepared  under  constant  conditions,  frequently  differed  in  its  activity.  This  is  apparently  due  to  a  large  variety 
of  factors,  affecting  the  quality  of  the  contact  mass:  the  size  of  the  copper  and  silicon  particles,  the  uniformity 
of  their  mixing,  the  conditions  of  molding  and  baking,  etc.  The  best  results  were  obtained  with  a  contact  mass 
containing  chemically  precipitated  copper,  which  not  only  showed  a  comparatively  complete  transition  of  copper 
into  intermetallic  compound,  but  also  a  highly  developed  active  surface.  This  contact  mass  was  prepared  by  the 
pressure-molding  of  a  mixtiue  of  powdered  silicon  and  cuprous  chloride.  The  heating  of  these  briquets  in  the 
reaction  apparatus  to  260-280*  resulted  in  the  distillation  of  SiCl4  and  the  separation  of  metallic  copper  (20%). 
The  copper,  separating  in  the  atomic  state,  is  more  active  and  forms  the  intermetallic  compound  even  at  the 
above  indicated  temperature.  In  addition,  due  to  their  high  mobility  the  copper  atoms  are  distributed  more  uni¬ 
formly  on  the  silicon  surface,  which  together  with  the  high  activity,  also  assures  a  good  reproducibility  of  the 
results  obtained  with  this  contact  mass. 

In  contrast  to  the  usual  contact-catalytic  reactions,  where  the  catalyst  shows  slight  chemical  change  dur¬ 
ing  the  process,  the  direct  synthesis  reaction  proceeds  with  a  continuous  consumption  of  one  of  the  crxnponents 
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of  the  contact  mass.  In  connection  with  this  the  relative  amount  of  the  second  component,  playing  the  role  of 
catalyst,  shows  a  corresponding  increase.  A  change  in  the  composition  of  the  contact  mass  causes  its  activity  to 
change,  which  in  turn  should  be  reflected  in  a  change  in  the  composition  of  the  reaction  products  during  ihe  re¬ 
action  process. 


Fig.  3.  Change  in  the  composition  of  gaseous  reaction  Fig.  4.  Change  in  the  composition  of  the  condensate 
products  in  the  synthesis  of  methylchlorosilanes.  in  the  synthesis  of  methylchlorosilanes.  1)  (CH3)2SiCl|, 

1)  Methane,  2)  hydrogen,  3)  ethylene.  2)  CHsSiCls,  3)  (CH3)8SiCl,  4)  CH3SiHCl2. 


TABLE  2 

Composition  of  the  Condensates  Obtained  When  Using  Different  Fillers 


Filler 

material 

Composition  of  the  condensate  (in 

1 

CH^SiHCl, 

(CH,),SiCl 

CHjSiCI, 

(CHASiCI, 

remain 

der 

No  filler 

4 

7 

35 

45 

9 

Porcelain 

7.8 

7.2 

29.4 

51.2 

4.4 

Magnesium 

7.2 

5.4 

23.6 

50.5 

7.3 

Zinc 

6.1 

3.8 

26.0 

56.8 

7.3 

Erass 

6.9 

4.8 

23.7 

58.0 

6.6 

As  a  result  of  the  performed  experiments  it  was  established  that  during  the  course  of  reaction  die  yield  of 
dimethyldichlorosilane  and  of  the  condensate  itself  decreases,  while  the  yield  of  methyltrichlorosilane  and  of  the 
gaseous  reaction  products  increases  (Fig.  1).  Corresponding  to  this  die  composition  of  the  ccxidensate  also  changes 
(Fig.  2).  The  simultaneously  occurring  changes  in  the  composition  of  the  gaseous  reaction  products  are  shown  in 
Fig.  3.  In  order  to  maintain  the  productivity  of  the  contact  mass  at  a  sufficiently  high  level  it  becomes  necessary 
to  gradually  raise  the  temperature  in  the  reaction  zone  during  the  course  of  the  process.  More  detailed  changes  of 
the  condensate  composition  in  the  experiment  where  a  contact  mass  containing  chemically  precipitated  copper 
was  used  are  shown  in  Fig.  4.  Figures  1-3  relate  to  the  experiment  where  the  contact  mass  was  composed  of  ele¬ 
mental  silicon  and  copper. 

In  order  to  improve  the  heat-exchange  and  the  distribution  of  methyl  chloride  in  the  contact  mass  we  mixed 
various  additives  with  the  latter:  porcelain  and  metal  turnings.  The  latter  favored  an  increase  in  the  amount  of 
dimethyldichlorosilane  in  the  condensate  also  as  the  result  of  combining  with  the  excess  chlorine  atoms.  From  a 
number  of  materials  tested  as  fillers  the  best  results  were  obtained  with  brass  turnings  (Table  2). 

An  improvement  in  the  composition  of  the  condensate  is  also  achieved  by  changing  the  direction  of  gas 
flow  in  the  reactor,  thus  causing  a  temporary  increase  in  the  yield  of  dimethyldichlorosilane.  Thus,  for  example, 
in  one  of  the  experiments  the  content  of  dimethyldichlorosilane  in  the  condensate  as  the  result  of  changing  the 
direction  of  methyl  chloride  addition  increased  from  43.5  to  61<^,  while  in  another  experiment  it  increased  from 
53  to  68%.  A  corresponding  decrease  in  the  mediyltrichlorosilane  content  occurs  simultaneously  with  this.  This 
phenomenon  is  explained  by  the  nonuniform  utilization  of  the  contact  mass  during  passage  of  the  methyl  chloride. 
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When  die  direction  of  adding  the  methyl  chloride  is  changed  it  falls  on  a  still  comparatively  fresh  contact  mass. 

A  temporary  increase  in  the  dimethyldichlorosilane  yield  occurs  as  a  result  of  this;  after  1  to  2  hrs  the  yield 
again  drops  to  its  former  level.  As  a  result,  by  running  the  process  under  conditions  assuring  an  efficient  removal 
of  heat  from  the  reaction  zone,  using  active  fillers,  and  changing  the  direction  of  adding  the  methyl  chloride, 
we  were  able  to  increase  the  yield  of  dimethyldichlorosilane  to  50%,  increase  its  content  in  the  condensate  to 
50-60%,  and  utilize  the  silicon  to  the  extent  of  70-80%. 

SUMMARY 

1.  A  comparison  of  the  activity  of  various  types  of  contact  masses  revealed  that  in  accordance  with  die 
proposed  mechanism  for  the  process ,  the  most  active  contact  mass  is  that  in  which  the  copper  is  most  ccxnpletely 
converted  into  intermetallic  compound  and  the  resulting  compound  has  a  highly  developed  active  surface.  A 
briquetted  contact  mass  containing  chemically  precipitated  copper  and,  as  can  be  assumed  on  the  basis  of  the 
obtained  data,  a  silicon- copper  alloy  in  die  dustlike  state,  are  such  contact  masses. 

2.  It  was  established  that  in  association  with  a  change  in  the  composition  of  the  contact  mass  during  reac¬ 
tion  there  is  a  change  in  the  composition  of  the  reaction  products.  A  study  was  made  of  the  qualitative  and  quan- 
tiutive  composition  of  the  reaction  products  and  of  its  change  during  the  course  of  reaction. 

3.  Due  to  the  fact  that  the  direct  synthesis  reaction  is  an  exothermic  process,  running  the  synthesis  under 
conditions  that  assure  the  removal  of  heat  from  the  reaction  zone,  favors  an  increase  in  the  yield  of  dimethyldi¬ 
chlorosilane.  Chemically  active  metallic  fillers,  combining  with  the  excess  chlorine  atoms,  also  show  favorable 
Influence  in  this  respect. 
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REACTION  OF  SOME  y  -  C  H  LORO  A  LK  Y  LS I  LA  N  E  CHLORIDES  WITH  SILICON 
UNDER  THE  CONDITIONS  OF  DIRECT  SYNTHESIS 


A.  D.  Petrov,  S,  I.  Sadykh- Zade ,  V.  A.  Ponomarenko, 
B.  A.  Sokolov,  and  Yu.  P.  Egorov 


It  was  recently  shown  [1]  that  a-  and  B -chloroalkylsilane  chlorides  under  the  conditions  of  direct  synthesis 
readily  yield  di-  and  trisilane  chlorides  in  high  yields.  It  was  found  that  the  reactivity  of  the  a-  and  0  -chloro¬ 
alkylsilane  chlorides  decreases  in  the  order 

Cl 

ClgSi-CHa-CHaCl  >Cl3Si-CH-CH3  >Cl2(CH3)Sl-CH2Cl  >Cl3Si-CH2Cl. 

The  least  reactive  halide  ClaSi— CHgCl  reacted  to  the  extent  of  65%  and  formed  the  di-  and  trisilane  chlor¬ 
ides  [types:  Cl3SiCH2SiCl3  and  (Cl3SiCH2)2SiCl2]  in  40%  yield.  The  most  reactive  halide  Cl3SiCH2CH2Cl  under 
these  conditions  reacted  completely  and  gave  a  mLxture  of  di-  and  trisilane  chlorides  in  55%  yield.  It  was  also 
found  that  the  main  reaction  —  the  direct  synthesis  reaction  —  is  complicated  to  varying  degree  by  side  processes: 
1)  the  formation  of  HSiCl3,  SiCIj,  RSIHCI2,  RSiCl3  and  2)  the  reduction  of  the  starting  a-  and  0 -chloroalkyl¬ 
silane  chlorides  to  the  corresponding  alkylsilane  chlorides  (Cl3SiCH2CH3,  Cl3SiCH3).  Dehydrochlorination  was 
also  observed  In  the  case  of  Cl3SiCH2CHgCl  and  Cl3SiCHClCH3  with  the  formation,  although  in  small  amount, 
of  vinyltrichlorosilane. 

Continuing  this  investigation,  we  studied  the  behavior  of  the  y -chloroalkylsilane  chlorides  under  the  con¬ 
ditions  of  direct  synthesis.  As  material  for  the  study,  the  results  of  which  are  given  in  this  communication,  we 
used  the  y  -chloropropyl-  and  y  -chloroisobutylalkyldichlorosilanes,  which  were  obtained  by  the  addition  of 
(CH3)Cl2SiH  and  (C2H5)Cl2SiH  to  allyl  chloride  and  methallyl  chloride  [2].  It  was  found  that  the  indicated  y- 
silane  chlorides  react  even  more  easily  in  the  case  of  the  direct  synthesis  reaction  (reaction  is  quantitative 
even  at  270*).  However,  here  the  main  reaction  is  no  longer  the  formation  of  di-  and  trisilane  chlorides  (the 
yield  of  which  does  not  exceed  15-31%),  but  the  dehydrochlorination  reaction.  Depending  on  die  structure  of 
the  y -chlorides  the  yield  of  dehydrochlorination  products  ranges  from  58%  (in  the  case  of  chlorides  of  type 

CHs 

^SiCH2CHCH2Cl)  to  26%  (in  the  case  of  chlorides  of  type  ^SiCH2CH2CH2Cl).  When  compared 

with  the  0 -chloroalkylsilane  chlorides,  the  higher  yield  of  dehydrochlorination  products  obtained  here,  even  for 
the  y  -chloropropylsllane  chloride,  is  evidently  due  to  two  factors:  removal  of  the  chlorine  atom  in  the  alkyl 
chain  away  from  the  silicon,  and  chiefly,  replacement  ofoneofthe  chlorine  atoms  in  the  trichlorosilyl  group  by 
an  alkyl  [3,  5].  The  reaction  for  the  dehydrochlorination  of  y -chloroalkylsilane  chlorides  is  reminiscent  of  the 
earlier  studied  [4]  dehydrochlorination  of  1,1-dichloroethane  and  2,2-dichloropropane  under  the  conditions  of 
direct  synthesis,  with  the  difference  that  in  the  latter  case  the  dehydrochlorination  proceeded  simultaneously  with 
entrance  into  the  direct  synthesis  reaction.  It  is  interesting  to  mention  that  our  studied  dehydrochlorination  of 
y-chloroalkylchlorosilanes  under  the  conditions  of  direct  synthesis  led  to  different  results  than  those  obtained 
when  the  same  y-chloroalkylchlorosilanes  were  subjected  to  dehydrochlorination  in  the  presence  of  AICI3  [5]. 


2539 


Thus,  for  example,  the  dehydrochlorination  of  (CH3)Cl2SiCH2CH2CH2Cl  with  Aids  gave  only  CHsSiCls  (0  -decom¬ 
position)*  in  almost  quantitative  yield.  The  dehydrochlorination  of  the  same  chloride  under  the  conditions  of 
direct  synthesis  led  to  the  formation  of  CHsSiCls  in  a  yield  of  only  a  mixture  of  allyl-  and  methylvinyl- 
methyldichlorosilanes  was  formed  in  a  yield  of  24‘)(>  (the  remainder  was  decomposition  and  direct  synthesis  pro¬ 
ducts,  i.  e.,  the  corresponding  di-  and  trisilane  chlorides).  The  dehydrochlorination  of  y  -chloroisobutyltrichloro- 
silane  with  AICI3  led  to  the  formation  of  a  mixture  of  methallyl-  and  isocrotyl-trichlorosilanes  in  a  1 : 1  ratio. 

The  dehydrochlorination  of  y-chloroisobutylmethyldichlorosilane  under  the  conditions  of  direct  synthesis  gave  a 
mixture  of  butenylchlorosilanes  in  42<^  yield,  which  mixture  contained;  y  -methylallyl- ,  isocrotyl-  and  methallyl- 
mediyldichlorosilanes  in  the  ratio  50:40;  10.  As  a  result,  in  the  last  case  we  are  dealing  with  more  profound  iso¬ 
meric  transformations,  proceeding  clear  up  to  the  formation  of  the  skeletal  isomer  (y-melhylallyl-melhyldichloro- 
silane). 


EXPERIMENTAL 

The  direct  synthesis  reaction  with  the  above  indicated  y  -chlorides  was  run  in  a  tube  furnace  at  tempera¬ 
tures  of  270-280,  370-380  and  470-480*.  The  y -chlorides  were  passed  through  Pyrex  glass  tubes,  having  a  diameter 
of  45  mm  and  a  length  of  600  mm,  filled  with  a  finely  crushed  silicon-copper  alloy  (80<^  Si,  20%  Cu),  at  a  rate 

TABLE  1 

Starting  Compound  CH3Cl2SiCHjCH|CHjCl  (taken  for  reaction  280  g;  conden¬ 
sate  obtained  255  g;  reaction  temperature  370-380*) 


Obtained 

Amount 
(in  ^ 

Boiling 

point 

Amount  in 
mixture 
(in  %) 

CHiClaSlH . 

2.8 

40-42° 

1.1 

SiCU . 

5.2 

55-56 

2.0 

CHjSiCla . 

36.0 

64-65.8 

14.1 

CHiCl2SiCH2CH=CH2  1 
CH3Cl2SiCH=CH-CH3  /  •  •  •  • 

60.0 

16-122 

23.5 

CHiCl,SiCH2CH.2CH.2SiHCl2  .... 

18.2 

206.5-207 

7.1 

CH,Cl2SiCHXH.2CH2SiCl3  .... 
(CH.,Cl9SiCri2CH2CH2)2 . 

36.0 

222.5-223 

14.1 

9.6 

167-168.5 

3.8 

(CH3Cl2SiCH2CH2CH2)2SiCl,  .  .  .  . 

9.0 

166—168 
(2  mm) 
m.p.  29—30° 

3.5 

of  25  g/hr.  The  reaction  {voducts  were  trapped  in  a  water-cooled  receiver,  and  then  distilled  through  a  column. 
Each  narrow  fraction  was  redistilled.  The  reaction  conditions  and  the  composition  of  the  products  obtained  under 
diese  conditions  are  given  in  Tables  1-3.  Since  isomeric  transform atiotu  [6]  are  possible  in  the  dehydrochlorina¬ 
tion  of  y  -chlorides,  then  to  characterize  diem  we  took  the  Raman  spectra  of  some  of  die  dehydrochlorination 
products  after  their  methylation  (ethylation).  Thus,  for  example,  the  wide  boiling  range  of  the  fraction  represent¬ 
ing  some  of  the  dehydrochlorination  products  of  CHsSiCliCHtCHiCHjCl  (fraction  with  b.  p.  116-122*,  Table  1) 
permitted  suspecting  the  presence  of  isomers.  As  die  rcjult  of  repeated  distillation  of  this  hacticHi  we  were  able 
to  divide  it  into  two  narrower  fractions:  1st,  b.  p.  116-116.5*  at  735  mm,  df’  1.0758,  n^  1.4390,  and  2nd,  b.  p. 
121-123*  at  735  mm,  df  1.0742,  ng  1.4370. 

The  1st  fraction  was  ediylated  by  the  use  of  ethylmagnesium  bromide.  The  ethylation  product  after  distil¬ 
lation  through  a  column  had  the  following  constants:  b.  p.  142.5*  at  770  mm,  df*  0.7676,  ng  1.4310.  The  Raman 
spectrum  of  this  product  was  found  to  contain  only  die  lines  with  the  characteristic  frequencies  for 

^Si— CHj— CH=CH2.  [7]  (in  cm"‘);  410,  890,  994,  1155,  1192,  1300,  1395,  1630,  2998,  3080,  which  clearly 
indicate  that  the  ethylation  product  is  methyldiethylallylsilane.  The  2nd  product  after  ethylation  gave  a  product 

•  However,  the  dehydrochlorination  of  Cl3SiCH2CH2CH2Cl  went  with  a  68%  yield  of  a  mixture. 
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re  ol 


TABLE  3 


Starting  Compound  c,H,ci,SiCH,CH,CH,ci  • 

CH, 

Starting  Compound  c,H,ci,SiCH,CHCH,ci  • 

obtained 

x)iling 

point 

am*t 

(in 

obtained 

boiling 

point 

amount 

(in%) 

C,H,SiCU . 

97.5® 

5.8 

HSlClj . 

31—32° 

33 

C,H,CI,SiCH,CH=CH,  t 
C,H,CI,SiCH=CHCH,  f  •  •  •  • 

. 

56 

1.2 

144-149 

25.9 

c  HjSiClj . 

97.5 

12.0 

. 

159-170 

49.4 

C,H,CI,SiCH.CH  CH,Si.CI,)H  .  .  . 
C,H,CI,SiCH  CH]CH,SiCl,  .... 

231 

241 

14.4 

17 

CH, 

1 

Residue 

15 

C.H.Cl,SiCH,CHCH,SiCI,H .  . 
C,HiCI,SiCH.CHCH,SiCl, .  .  . 

235 

245-246 

9.1 

10 

CH, 

Residue . 

- 

6 

•  Reaction  temperature  370-380*. 


with  the  following  properties:  b.  p.  142.5-143*,  df"  0.7632,  nf)  1.4279.  The  Raman  spectrum  of  this  compound 
was  observed  to  already  contain  two  of  the  characteristic  frequencies  of  die  double  bond:  1630  and  1620  cm~\ 
The  first  frequency,  and  also  the  combination  of  the  other  frequencies,  characteristic  for  (C2H5)2(CH3)Si— CHj— 


— CH^GHj,  proves  the  presence  of  the  latter,  the  second  frequency  is  characteristic  for 


^Si-CH=CH-CH3 


[8].  In  addition,  other  frequencies  are  observed  in  the  spectrum:  390,  1039,  1315  and  1375  cm“^,  characteristic 
for  propenylsilanes. 


The  fraction  with  b.  p.  139-147*  (Table  2),  representing  some  of  the  dehydrochlorination  products  of 
(CH3)Cl2Si — CH2 — CH — CH2CI  was  ethylated  in  exactly  the  same  manner  as  before.  The  ethylation 

I 

CH3 

products  after  distillation  through  a  column  had  the  properties:  b.  p.  163-168*  at  770  mm,  dj*  0.7795,  np 
1.4378.  The  Raman  spectrum  of  these  products  was  observed  to  have  the  following  frequencies  (in  cm~^): 

145(4sh),  163(2),  239(lb),  294(2b),  495(2),  574(5),  586(4),  660(lb),  749(0b) , 801(0), 9a(lb),  972(4),  1013(4), 
1064(2),  1114(lb),  1163(5),  1233(3),  1259(1),  1306(4),  1326(1),  1378(4b),  14ti4(3b),  1415(4),  1444(4),  1462(6b), 
1623(4sh),  1640(1),  1662(5sh),  2856(3),  2875(10),  2909(10),  2938(5),  2957(10),  2995(1),  3080(0). 


The  spectral  region  most  characteristic  for  the  double  bond  (1600  cm"^)  shows  the  presence  of  three  com¬ 
pounds  with  the  frequencies:  1623,  1640  and  1662  cm“\  The  1623  cm"^  frequency,  as  was  mentioned  earlier 
[8],  together  with  the  frequencies  1064,  1310  and  1370  cm"^,  is  characteristic  for  the  double  bond  in  the  isocro- 

tyl  group  ^Si — CH=C — CH3.  .  The  very  weak  1640  cm"^  frequency  could  indicate  the  presence  of 
CH3 

the  methallyl  group  ^Si — CH2 — C=CH2.  The  third  very  intense  line  with  frequency  1662  cm"^,  corre- 

1 

CH, 

spending  to  the  main  component  of  the  mixture,  could  indicate  the  group  ^Si — CH2 — CH=CH — CH,, 

which  is  abo  supported  by  the  spectrum,  available  to  us,  of  the  earlier  synthesized  (C2Hs)2(CH3)Si— CH2“CH  = 
=  CH— CH3.  The  following  frequencies  were  shown  to  be  present  (in  cm"^): 

500(lb),  577(4b),  629(0),  702(0),  796(2),  814(2),  912(2),  972(2)  1013(2),  1042(1),  1114(3),  1165(4),  1242 
(1  doublet),  1308(4),  1349(1),  1380(4),  1417(4),  1460(5),  1662(6sh). 
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Boiling 


TT 
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l^-blt-methyldlchlorodlylpropyldlchlarodlane  |  166—168  |  ~  |  ~  |  ~  }  ~  j  ^HHigClaSi;! 

*  For  these  compounds  the  elementary  analysis  data  for  some  ai  die  elements  are  somewhat 
above  the  permissible  errors,  but  theproductsof  either  their  methylation  or  ethylation  show  good 
analyses. 


These  frequencies  were  also  observed  in  the  spectrum  of  the  ethylation  products  with  b.  p.  163-168*  at 
770  mm. 


As  a  result,  based  on  the  ratio  of  the  intensities  of  die  above  indicated  characteristic  frequencies  for  double 
bonds  die  dehydrochlorination  product  of  (CH3)Cl2Si — CHj — CH — CH2CI  represented  a  mixture  of  three 

CH3 

compounds: 


CH3 

I 

(CH3)Cl2Sl-CH2-CH=CH-CH3,  (CH3)Cl2Sl-CH=C-CH3  and(CH3)Cl2Sl-CH2-C=CH2 

CH3 


in  the  ratios  50:40: 10.  In  addition,  (CHs)ClSi— CHj— CH  =  CH— CH3  was  obtained  by  a  different  reaction,  namely, 
by  die  addition  of  CHsSifClslH  to  divinyl  in  an  autoclave  in  the  presence  of  platinum-on-carbon;  The  compound 
obtained  after  ethylation  had  the  following  properties:  b.  p.  161-162*  at  736  mm,  df*  0.7901,  n^  1.4422,  MR^ 
52.32;  calc.  52.96.  The  spectrum  of  this  compound  was  observed  to  contain  the  frequencies  belonging  to  die 

radical  ^Si — CH* — CH=CH — CH3  (1662  cm“^).  The  spectrum  also  contained  the  1648  cm"^  fre¬ 

quency,  which  probably  corresponds  to  the  cis-configuration  of  propylene.  In  addition  to  this,  both  the  spectrum 
of  the  given  compound  and  the  spectrum  of  the  same  compound,  but  obtained  by  direct  synthesis,  contained  the 
frequencies  characteristic  for.  the  groupts:  CH3  and  CjHs  (700,  972,  1013,  1232,  1250,  1460  cm"^)  [9].  On  the 
basis  of  this  it  is  possible  to  conclude  that  in  the  given  case,  as  is  also  evidently  true  in  the  case  of 
(C2H5)Cl2Si-CH2-CH-CH,Cl,  isomeric  alkenylsilane  chlorides  are  formed,  not  only  with  retention 

I 

CH, 

of  the  hydrocarbon  skeleton  ^Si — CH, — C=CH2  and  —Si — CH=C — CH«  • 

/  1  ^  i 

CH,  iH, 

found  isomerization  ^Si — CH, — CH=CH — CH3,  in  which  connection  the  last  process  is  the  principal  one. 

The  properties  of  the  compounds  that  we  were  able  to  isolate  from  die  mixtures  in  fairly  pure  form  are  listed  in 
Table  4.  The  elementary  analysis  data  for  some  of  the  compounds  exceeded  somewhat  the  permissible  errors, 
but  even  in  these  cases  after  ethylation  the  analysis  data  usually  agreed  with  calculation.  For  these  compounds 
(they  are  designated  by  an  asterisk)  only  the  boiling  points  are  given  in  the  table. 

SUMMARY 

1.  It  was  diown  that  the  y  -chloroalkylalkyldichlorosilanes  react  more  readily  with  silicon  under  the  con¬ 
ditions  of  direct  synthesis  than  do  the  a-  and  B  -chloroalkylsilane  chlorides.  Here,  in  contrast  to  the  a-  and 

B -chlorides,  the  main  reaction  is  not  the  formation  of  di-  and  trisilane  chlorides,  but  the  dehydrochlorination 
of  the  starting  y  -chlorides  to  the  corresponding  unsaturated  compounds. 

2.  It  was  found  that  the  dehydrochlorination  of  y  -chlorides  under  the  conditions  of  direct  synthesis  is  ac¬ 
companied  by  isomeric  transformations,  which  leads  to  the  formation,  in  the  case  of  the  y -chloropropylalkyl- 
dichlorosi lanes,  of  the  corresponding  allyl-  and  pwopenylsilane  chlorides,  and  in  the  case  of  the  y -chloroisobutyl- 
alkyldichlorosilanes,  mainly  of  the  isocrotylalkyldichlorosilane,  and  as  die  result  of  skeletal  isomerization  of  die 
hydrocarbon  chain,  of  the  y-methylallylalkyldichlorosilane. 
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SYNTHESIS  AND  TRANSFORMATIONS  OF  O  X  Y  G  E  N -CO  NT  A I NI NG 
ORGANOSILICON  COMPOUNDS 


VI.  REACTION  OF  HYDROGEN-CONTAINING  ALKYL(ARYL)DICHLOROSILANES  WITH  ORGANIC  ALCOHOLS 
M.  F.  Shostakovsky ,  D.  A.  Kochkin,  V.  L.  Vinogradov,  and  V.  A.  Neterman 

The  reaction  of  hydrogen-containing  alkyl  (aryl)  halosi lanes  with  alcohols  and  their  alcoholates  has  not  been 
investigated.  There  exists  only  a  brief  communication  by  die  authors  of  the  present  paper  [1].  As  was  established 
by  us,  depending  on  die  amount  of  alcohol  taken  for  reaction,  the  reaction  of  alkyldihalosilanes  with  alcohols 
yields  alkylhaloalkoxy-,  alkyldialkoxy-  and  trialkoxysilanes.  It  is  possible  to  assume  that  the  arylhalosilanes 
will  also  react  with  alcdiols,  in  accordance  widi  the  following  equations; 

1.  RSiHXj-f-R'OH  *5— — ^  RSiH(OR')X-f-HX(MeX) 

2.  RS|HX2-^2R'0H - V  RSiH(OR')2-i-2HX 

3.  RSiHX2-<-3R’OH - RSl(OR')3 -»-2HX-i- H2 

4.  RSiHX2H-R'OH - RSlH(OR’)X-t-HX 

5.  RSiH(OR')X-i-R'OH - *>  RSiH(OR')2-^HX 

6.  RSiH(OR')2-»-R  OH - RSl(OR')3 -i-Hj  or 

7.  RS1HX2  RSiH(OR')X  — RSiH(OR')2  RSi(OR')3, 

where  R=CHj.  c,H,.  &■  R'=C,H..  c,H,  etc. 

In  this  paper  we  describe  die  reaction  of  methyl-  and  ethyldichlorosllanes  with  ethyl  and  butyl  alcohols. 

The  names  and  formulas  of  the  compounds  isolated  from  the  reaction  products  are  given  in  the  table.  Of  them, 
ctxnpounds  (I-IV)  and  (IX,  X)  are  new.  As  had  been  established  by  us,  the  reaction  of  methyl-  and  ethyldichlorq- 
silanes  with  alcohols,  taken  in  a  1 : 1  ratio  (Eq.  1),  yields  mainly  haloalkylalkoxysilanes,  and  when  taken  in  a 
1:  2  ratio  (Eq.  2),  mainly  hydrogen-containing  alkyldialkoxysilanes.  With  an  excess  of  the  alcohol  the  hydrogen 
atom  is  also  etherified  with  the  formation  of  mainly  trialkoxysilanes  (Eq.  3).  The  formation  of  these  compounds 
can  also  be  depicted  by  Eqs.  (4-7),  which  show  the  stepwise  and  consecutive  formation  of  a  series  of  Intermediate 
ctxnpounds.  The  latter  were  isolated  by  us  both  from  the  reaction  products  of  the  chloride  with  excess  alcohol 
(Eq.  3)  and  when  the  latter  was  present  in  deficient  amount  (Eqs.  1  and  2). 

The  hig|i  reactivity  shown  by  alkylhalosilanes  with  hydrogen  atoms  was  established  horn  the  performed  in¬ 
vestigations.  Earlier  we  had  established  that  the  hydrogen  atom  is  easily  hydrolyzed  in  alkaline  medium.  Thus, 
for  example,  the  hydrolysis  of  methyl-  and  ethyldichlorosllanes  yielded  solid  high-molecular  compounds  [2].  The 
high  reactivity  shown  by  the  hydrogen-containing  compounds  in  the  formation  of  vinyl  compounds  of  silicon  was 
also  established  in  their  reaction  with  acetylene,  named  by  us  as  the  vinylation  reaction  [3].  The  reaction  de¬ 
scribed  below  for  the  alcoholysis  or  etherification  of  alkyl  (aryl)  halosilanes  represents  defihite  interest,  since  it 
permits  obtaining  alkoxy  ((»  aroxy) silanes  from  the  halides  of  hydrogen-containing  silicon  derivatives.  The  de¬ 
scribed  reactions  of  hydrolysis,  vinylation  and  etherification  establish  the  exceptional  reaction  properties  of  such 
compounds  and,  in  particular,  of  their  hydrogen  atom.  The  hydrogen-containing  alkylhaloalkoxy-,  alkyldialkoxy- 
and  trialkoxysilanes  represent  mobile  liquids  with  an  ethereal  odor,  soluble  in  ether,  alcohol,  acetone  and  other 
solvents,  and  insoluble  in  water.  When  distilled  at  atmospheric  pressure  they  decompose  with  the  formation  of 
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Expt, 

Nos. 


Name  of  compound 


Formula 


Boiling  point 
and  pressure 
(in  mm) 


(I) 

(II) 
(HI) 

(IV) 

(V) 

(VI) 

(VII) 
(VIH) 

(IX) 

(X) 


Methyldiethoxysilane 
Methyldibutoxysilane 
Ethyldiethoxysilane 
Ethyldibutoxysilane 
Methyltriethoxysilane  • 

M  ethyltributoxy  silane  • 
Ethyltriethoxysilane  • 
Ethyltributoxysilane  • 
Methylethoxychlorosilane  • 
Ethyloutoxycnlorosilane*  • ' 


CHaSiHlOCgHglg 
CHaSiHlOQHg-n  )2 
CzHsSiHvOCaHsla 
C2H5SiH(OC4H9-n  )2 
CH3Si{OC2H5)3 

CH3Si(OC4H()*n  )3 

C2H5Si(OC2H5)3 
C2H5Si(OC4Hg-n  )3 
CH3SiH(Cl)(OC2H5) 
C2H5SiH(ClKOC4H9-a) 


42°  (110) 

80  (8.5) 
24-25(15) 
89-90.6(19) 
142-144.5(742), 
66(64),  57(37) 
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min  until  the  evolution  of  hydrogen  chloride  had  ceased;  here  the  boiling  point  of  the  reaction  products  rose  to 
80-90*.  The  mixture  was  let  stand  overnight,  after  which  it  was  fractionated  through  a  rectification  column  in 
a  stream  of  dry  nitrogen.  Here  we  isolated:  85.8  g  (70.1%)  of  methylchloroethoxysilane  (IX),  5.6  g  of  a  fraction 
with  b.  p.  34-38*  (100  mm),  n^  1.3851,  d*  0.9188,  fron  which  after  a  second  fractionation  in  vacuo,  in  a  stream 
of  nitrogen,  from  a  Favorsky  flask,  we  isolated  methyldiethoxysilane  (I),  and  10.9  g  of  high-boiling  tarry  products. 

2.  Preparation  of  mettiyldiethoxysilane  (I)  (chloride ;  alcohol  ratio  =  1:2).  Into  a  flask  was  charged  115.02  g 
(1  g-mole)  of  methyldichlorosilane  and  dien  92.0  g  (2  g-moles)  of  dehydrated  ethyl  alcohol  was  added.  The  reac¬ 
tion  products  were  heated  to  110*  for  1. 0-1.5  hrs  (until  the  evolution  of  hydrogen  chloride  ceased).  Vacuum-frac¬ 
tionation  in  a  stream  of  dry  nitrogen  through  a  rectification  column  gave  4.1  g  of  methylchloroethoxysilane  (IX), 

53.9  g  (40%)  of  methyldiethoxysilane  (I)  and  13.4  g  of  high-boiling  products. 

3.  Preparation  of  methyltriedioxysilane  (V)  (chloride :  alcohol  ratio  =  1:3).  To  138.0  g  of  ethyl  alcohol 
(3  g-moles)  was  added  115.02  g  of  methyldichlorosilane  in  drops  from  a  separatory  funnel;  here  die  temperature 
of  the  reaction  mixture  did  not  rise  above  10-15*.  After  adding  the  chloride  the  mixture  was  refluxed  on  die 
water  bath  for  5-6  hrs;  here  the  boiling  point  of  the  reaction  mixture  gradually  rose  to  110*.  The  evolution  of 
hydrogen  chloride  was  complete  after  such  prolonged  heating.  Vacuum-fractionation  of  the  reaction  products 
in  a  stream  of  nitrogen  gave  6.9  g  of  methyldiethoxysilane  (I),  115.8  g  (65%)  of  methyltriethoxysilane  (V)  and 
32.5  g  of  high-boiling  compounds.  When  the  reaction  products  were  fractionally  distilled  at  atmospheric  pres¬ 
sure  the  yield  of  methyltriethoxysilane  was  sharply  reduced,  and  it  dropped  to  20-25%;  at  the  same  time  the 
yield  of  high-boiling  ccmipounds  showed  a  sharp  increase.  This  observation  is  valid  for  all  of  the  syntheses  de¬ 
scribed  below. 

4.  Preparation  of  ethylchlorobutoxysilane  (X)  (chloride ;  alcdiol  ratio  =  1 ;  1).  Into  a  flask  ,  cooled  with 
ice  and  salt,  was  charged  129.0  g  (1  g-mole)  of  ethyldichlorosilane  (b.  p.  74-76*  (746  mm),  n*  1.4216],  and 
dien  79.04  g  (1  g-mole)  of  butyl  alcohol  (anhydrous)  was  added  in  drops.  The  temperature  of  the  reaction  me¬ 
dium  did  not  rise  above  +20*.  The  reaction  mixture  was  heated  at  the  boil  for  30-40  min  at  120*  and  then  al¬ 
lowed  to  stand  overnight,  after  which  it  was  vacuum-fractionated  through  a  rectification  column  (20  theoretical 
plates)  in  a  stream  of  dry  nitrogen.  Here  we  isolated  116.8  g  (85.0%)  of  ediylbutpxychlorosilane  (X),  17.5  g  of 
a  fraction  with  b.  p.  67.0*  (26.0  mm),  68.0*  (29.0  mm),  n^  1.4115,  dj®  0.8670,  from  which  ethyldibutoxysilane 
(IV)  was  isolated  after  a  second  fractionation  in  vacuo,  and  18.0  g  of  high-boiling  products.  Ethylchlorobutoxy¬ 
silane  (X)  is  a  colorless,  fuming  liquid  with  a  sharp  ethereal  odor,  explodes  when  heated,  dissolves  In  the  common 
solvents,  and  is  easily  hydrolyzed.  It  distills  in  vacuum,  in  a  stream  of  nitrogen,  widiout  decomposition. 

5.  fteparation  of  ethyldibutoxysilane  (IV)  (chloride ;  alcohol  ratio  =  1:2).  Into  a  flask  was  charged  129  g 
(1  g-mole)  of  ethyldichlorosilane  and  then  148.08  g  (2  g-moles)  of  anhydrous  butyl  alcohol  was  added  in  drops. 

After  adding  die  alcohol  the  reaction  mixture  was  heated  at  120-130*  for  1.5-2.0  hrs  and  then  allowed  to  stand  i 

ovemig)it.  F  ractionation  of  the  reaction  products  through  a  column  gave  71.4  g  (35.0%)  of  ediyldibutoxysilane 

(IV),  40.8  g  (14.4%)  of  ethyltributoxysilane  (VIII)  and  49.4  g  of  high-boiling  residues.  In  the  trap,  cooled  in  a 
mixture  of  dry  ice  and  acetone,  3.4  g  of  a  liquid  with  a  sharp  odor  was  collected,  which  was  mainly  ethylchloro¬ 
butoxysilane  (X). 

6.  Preparation  of  ethyltributoxysilane  (VIII)  (chloride ;  alcdiol  ratio  =  1:3).  To  129  g  of  ethyldichloro¬ 
silane  was  added  225  g  (3  g-moles)  of  butyl  alcohol  in  drops.  The  reaction  products  were  heated  at  the  boil  under 
reflux  for  10-12  hrs;  here  the  temperature  gradually  rose  to  180*.  Fractionation  of  the  mixture  gave  30.0  g  (14.7% 
based  on  the  chloride)  of  ethyldibutoxysilane  (IV),  176.4  g  (65.0%)  of  ethyltributoxysilane  (VIE)  and  84.0  g  of 
high-boiling  products. 

7.  Reaction  of  ethyldichlorosilane  with  the  alcoholate  of  butyl  alcdiol.  Into  a  flask,  cooled  in  ice,  was 

charged  300  g  of  butyl  alcohol,  and  then  13.0  g  of  metallic  sodium  was  added  in  small  pieces.  Then  to  the  ) 

alcoholate  solution  was  added  129  g  (1  g-mole)  of  ethyldichlorosilane  with  cooling.  Strong  exothermic  reac¬ 
tion  was  observed  here  and  the  deposition  of  a  white  flocculent  precipitate.  The  reaction  products  were  heated 

*  All  of  the  alcohols  were  dehydrated  by  refluxing  over  calcium  oxide  and  then  distilling  twice  from  a  flask 
with  dephleg^nator. 
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at  the  boil  for  12  his.  The  final  boiling  temperature  of  the  reaction  mixture  was  160*.  After  filtratim  and  frac¬ 
tionation  we  obtained  16,0 g(7. 8%,  based  on  the  chloride)  of  ethyldibutoxysilane  (IV),  229.0  g  (83.0<)b)  of  ethyl- 
tributoxysilane  (VIII)  ana  i8.0  g  of  tarry  high-boiling  compounds. 

The  (NToperties  of  the  other  compounds  synthesized  by  us  are  given  in  the  table.  They  were  obtained  in 
a  similar  manner. 


SUMMARY 

1.  The  reaction  of  hydrogen-containing  alkyldichlorosilanes  with  organic  alcohols  was  investigated. 

2.  It  was  established  that  when  the  alkylhalosilane :  alcohol  ratio  is  equal  to  1 : 1  the  main  reaction  pro¬ 
ducts  are  the  alkylhaloalkoxysilanes  RSiH(OR')X,  when  the  ratio  is  equal  to  1 :  2  the  main  reaction  products  are 
the  alkyldialkoxysi lanes  RSiH (OR*)s,and  when  the  ratio  is  equal  to  1:3  or  an  excess  of  alcohol  is  used  the  main 
products  are  the  alkyl trialkoxysilanes  RSi(OR’)3. 

3.  The  previously  unknown  methylethoxychlorosilane  (IX),  ethylbutoxychlorosilane  (X),  methyl-  and  ethyl- 
diethoxysilanes  (I)  and  (III),  methyldibutoxysilane  (II)  and  ethyldibutoxysilane  (IV)  were  isolated  and  character¬ 
ized,  and  we  also  characterized  the  methyl-  and  ethyltriethoxysilanes  (V)  and  (VII),  and  the  methyl-  and  ethyl- 
tributoxysilanes  (VI)  and  (VIII). 
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CHEMICAL  TRANSFORMATIONS  OF  a-HALO  KETONES 


V.  ACTION  OF  SODIUM  ARYLATES  ON  a-BROMO  KETONES  OF  ALKAROMATIC  SERIES 
T,  I.  Temnikova,  G.  A.  Ugolnikova,  O.  A.  Netsetskaya,  and  T.  B.  Remizova 


It  was  first  ^own  on  the  example  of  a-bromoethyl  phenyl  ketone  that  in  the  reaction  of  sodium  phenolate 
with  a-halo  ketones  of  die  alkaromatic  series  the  process,  depending  on  the  nature  of  the  solvent,  can  go  in  two 
different  directions:  in  methyl  alcohol  solution  —  in  the  direction  of  forming  the  methyl  phenyl  ketals  of  the  keto 
alcohols,  corresponding  to  the  bromo  ketone,  and  when  absolute  ether  is  used  as  the  solvent  —  in  the  direction  of 
the  phenoxy  ketone;  the  same  reaction  course  as  the  latter  is  also  observed  in  acetone  solution.  Later  [3]  it  was 
shown  that  other  brcxno  ketones  of  the  alkaromatic  series,  independent  of  the  length  and  branching  of  the  alkyl 
chain,  yield  methyl  phenyl  ketals  when  the  reaction  is  run  in  methyl  alcohol. 


O  R 

CeHfi-i-d^Br  CfiHgONa 


(1) 


OCeHg 

CgHg-C^ - C^OH 

OCHo  R' 


(ID 


CsHr 

OCeHs 

(HI) 


As  had  already  been  mentioned  earlier  [4],  apparently  in  all  cases  the  first  reaction  to  take  place  in  the 
action  of  nucleophilic  reagents  on  a-halo  ketones  is  reaction  between  the  reagent  and  the  carbon  atom  of  the 
carbonyl  group  of  the  halo  ketone;  the  structure  of  the  final  reaction  product  depends  on  the  nucleophilic  pro-, 
perties  of  the  reagent,  the  reaction  conditions  used,  and  the  structure  of  the  halo  ketone. 

The  mechanism  for  the  formation  of  methyl  phenyl  ketals  is  clear  [5];  a  very  reactive  a-phenoxy  oxide 
(which  cannot  be  isolated)  is  formed  in  the  intermediate  stage,  which  reacts  with  the  solvent  —  methyl  alcc^ol  — 
with  opening  of  the  oxide  ring  from  the  side  of  both  the  [^enoxy  group  and  the  phenyl  group,  in  accordance  with 
the  scheme 

CeHr-C-CHBr-R  CgHg-C^l-^HR 

II  I 

O  OCH3  OCgHs 

I 

C„H5-C-CH0H-R 

I 

OCgHs 


*  The  present  paper  is  a  direct  continuation  of  a  number  of  papers,  published  under  the  general  title  "Anomalous 
Reactions  of  Bromo  Ketones"  [1]. 
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It  is  possible  that  the  formation  of  phenoxy  ketones  occurs  in  those  cases  where  in  the  reaction  of  die  sodium 
phcnolate  with  the  carbon  atom  of  the  carbonyl  group  the  formation  of  a  valence  bond  between  the  oxygen  and 
the  carbon  fails  to  be  achieved,  and  the  phenoxy  group  migrates  to  the  adjacent  atom.  It  is  possible  to  depict 
the  process  as  proceeding  by  the  scheme 
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A  difference  in  the  direction  of  the  process  in  different  types  of  solvents  can  be  explained  by  saying  that 
in  alcohols.the  effective  agent  is  the  phenolate  ion,  while  in  ether  it  is  the  sodium  phenolate  (the  sodium  pheno- 
late  with  acetone  gives  a  complex  compound). 

It  seemed  of  Interest  to  verify  the  validity  of  the  expressed  considerations  relative  to  the  mechanism  of 
formation  of  j^enoxy  ketones  by  resort  to  the  method  of  varying  the  degree  of  nucleo|^ilicity  of  the  [dienyl  com¬ 
ponent  of  the  reaction,  running  the  process  with  phenols  substituted  in  the  ring  with  groups  of  different  electro¬ 
chemical  character.  It  could  be  expected  that  using  the  more  acidic  phenols,being  less  nucleophilic,  will  result 
in  a  decreased  tendency  to  form  mixed  ketals  and  will  increase  the  probability  of  the  reaction  going  in  methyl 
alcohol  solutions  in  die  direction  of  the  j^enoxy  ketones. 


Yields  of  Products  from  the  Reaction  of  a-Bromopropyl  Fhenyl  Ketone 
with  Sodium  Arylates  in  CH3OH  Solution  as  a  Function  of  the  pK^  of 
the  Corresponding  Fhenol 
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phenoxy  ketone 
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8-Naphthol  .... 
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p-Chlorophenol.  . 

9.38 

66 

In  the  present  paper  we  studied  the  reaction  in  methyl  alcohol  solution  of  a-bromopropyl  phenyl  ketone 
and  a-bromoisopropyl  (^enyl  ketone  with  the  sodium  a-  and  8  -naphtholates,  p-nitro{^enolate  and  3,4-xyleno- 
late,  and  also  the  reaction  between  sodium  p-chlorophenolate  and  a-bromopropyl  phenyl  ketone.  The  results 
of  the  study  are  summarized  in  the  table,  where  the  pK^  of  the  corresponding  fhenols  are  also  given.  From  the 
data  in  the  table  it  can  be  seen  that  a  change  from  sodium  phenolate  to  the  only  slightly  less  nucleophilic  sodium 
8  -naphtholate  leads  to  the  formation,  together  with  the  methyl  naphthyl  ketal,  of  a  substantial  amount  of  the 
naphthoxy  ketone.  Under  the  influence  of  even  less  nucleophilic  reagents  -  the  a-naphtholate  and  the  p-chloro¬ 
phenolate  —  only  the  corresponding  aryloxy  ketones  ate  formed,  in  which  connection  the  yield  of  the  latter  is  in¬ 
creased.  To  derive  some  valid  conclusions  relative  to  the  reaction  course  we  prepared,  starting  from  the  methyl- 
lactolide  of  ethylbenzoylcarbinol,  the  corresponding  ketals. 
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The  ketals  obtained  in  the  reaction  with  p-chlorophenol  and  p-nitrophenol  proved  to  be  unstable  and  when 
heated  in  methyl  alcohol  solutions  they  gradually  decomposed  with  the  formation  of  the  corresponding  phenols 

and  the  cyclodimethyldilactolide  of  ethylbenzoylcarblndl  (IV).  Since  the  aryloxy 
ketones  were  recrystallized  from  alcohol  it  is  possible  that  the  ketals  formed  to¬ 
gether  with  them  could  have  been  decomposed  here.  However,  the  absence  of  a 
high-melting,  easily  crystallized  and  readily  identified  product  (IV)  among  the 
reaction  products  is  evidence  that  methyl  aryl  ketals  were  not  formed  in  the  reac¬ 
tion  process. 

The  reaction  of  a-bromoisopropyl  phenyl  ketone  with  sodium  a-  and  0  - 
naphtholates  gave  only  the  ketals;  a  difference  in  the  reaction  course  with  bromo 
ketones,  having  a  normal  or  a  branched  carbon  chain,  is  evidently  due  to  the  steric 
hindrance  encountered  in  the  approach  of  bulky  naphdiyl  nuclei  to  a  tertiary  carbon  atom.  Only  the  a-nitro- 
phenoxy  ketone  was  obtained  when  a-bromoisopropyl  phenyl  ketone  was  reacted  with  the  even  less  nucleophilic 
sodium  p-nitrophenolate.  The  reaction  of  the  bromoisopropyl  phenyl  ketone  with  the  more  nucleophilic  sodium 
3,4-xylenolate  gave  only  the  ketal. 

Together  with  studying  the  reaction  course  when  operating  in  methyl  alcohol  solutions,  we  ran  some  experi¬ 
ments  on  the  preparation  of  the  corresponding  aryloxy  ketones  under  the  usual  conditions  (in  acetone  solutions), 
and  also  of  methyl  aryl  ketals,  starting  with  the  methyllactolides  of  a-keto  alcohols.  In  the  preparation  of  a- 
naphthoxypropyl  phenyl  ketone  and  the  methyl  a-na{^thyl  ketal  of  ethylbenzoylcarbinol  we  observed  the  forma¬ 
tion  of  two  modifications  —  a  low-melting  and  a  high-melting.  In  both  cases  the  low-melting  modification  is 
easily  converted  into  the  high-melting  by  fusion  of  the  mixture;  in  the  first  case  the  same  transition  was  also 
observed  when  the  mixture  was  heated  with  an  aqueous  alcdiol  solution  of  either  an  acid  or  alkali. 

In  addition  to  the  above  described  reactions,  we  studied  die  reaction  of  a-bromoethyl  phenyl  ketone  with 
sodium  p-nitrophenolate  in  methyl  alcohol  solutions,  and  also  of  a-bromobutyl  phenyl  ketone  with  sodium  pheno- 
late  and  the  cresylate;  the  same  as  in  the  other  cases,  the  reaction  with  the  p-nitroj^enolate  gave  the  nitrophen- 
oxy  ketone,  while  the  reaction  with  sodium  j^enolate  or  with  the  somewhat  more  basic  sodium  cresylate  gave 
only  the  methyl  aryl  ketals. 

All  of  the  aryloxy  ketones  are  stable  and  do  not  change  when  heated  with  aqueous  alcohol  solutions  of  either 
acids  or  alkalies.  All  of  the  methyl  aryl  ketals  of  the  a-keto  alcohols  are  easily  hydrolyzed  when  heated  with 
dilute  aqueous  alcohol  solutions  of  sulfuric  acid  to  yield  the  corresponding  a-keto  alcohols  and  i^nols.  Mixed 
ketals  with  a  low  stability  were  obtained  from  the  more  acidic  i^ienols,  especially  from  the  nitrop)henol  (see  above). 
The  mixed  ketals,  containing  either  the  naphthyl  or  the  xylenyl  radical,  corresponding  to  the  dimethylbenzoyl- 
carbinol,  are  easily  hydrolyzed  when  kept  in  the  open.  Gradual  decomposition  of  the  substance  is  observed  and 
the  easily  formed  anhydro  dimer  of  the  dimediylbenzoylcarbinol  with  m.  p.  185-186”  is  obtained,  first  described 
by  A.  E.  Favorsky  and  N.  Mandryka  [7].  It  is  possible  that  such  easy  decomposition  was  due  to  the  presence  of 
acidic  vapors  in  the  laboratory,  and  also  due  to  the  fact  that  the  dimerization  of  the  dimethylbenzoylcarbinol 
is  accompanied  by  the  cleavage  of  water. 

EXPERIMENTAL 

Reaction  of  sodium  arylates  with  a-bromo  ketones  in  methyl  alcohol.  The  reaction  was  run  in  die  follow¬ 
ing  manner:  to  a  solution  of  sodium  arylate,  prepared  by  the  addition  of  the  calculated  amount  of  the  i^enol  to 
a  solution  of  sodium  methylate  in  methyl  alcohol,  was  added  an  equimolar  amount  of  the  bromo  ketone,  dissolved 
in  an  equal  volume  of  methyl  alcdiol.  In  most  of  the  experiments  the  reaction  mixture  was  heated  at  40-50*  with 
constant  stirring  until  the  test  for  organic  halogen  was  negative.  Usually  the  visible  formation  of  sodium  bromide 
began  within  an  hour,  and  the  reaction  was  complete  in  5-6  hrs.  The  formed  sodium  bromide  was  filtered  and 
the  methyl  alcohol  was  removed  in  vacuo  without  heating  (usually  strong  tarring  occurred  if  the  methyl  alcohol 
was  distilled  off  even  with  slight  heating,  and  the  yield  of  reaction  products  was  greatly  reduced).  The  residue 
after  removal  of  the  methyl  alcohol  contained  some  sodium  bromide,  which  was  removed  by  waging  with  water. 
The  obtained  ketals  and  aryloxy  ketones  were  identified  by  comparison  with  authentic  specimens.  The  a-aryloxy 
ketones  were  obtained  by  the  reaction  of  a-bromo  ketones  with  sodium  arylates  in  acetone  solution  [2].  The  me¬ 
thyl  aryl  ketals  were  prepared  from  the  methyllactolides  of  the  corresponding  a-keto  alcohols  and  phenols  in  ben¬ 
zene  solution  in  the  cold  [1,  3]. 
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I.  Reaction  of  a -Bromopropy  1  Phenyl  Ketone*  with  Sodium  Arylates 


a)  Reaction  with  sodium  i^enolate.**  The  reaction  was  run  with  15  g  of  the  bromo  ketone.  Removal 
of  the  methanol  left  a  crystalline  mixture  of  sodium  bromide  and  organic  compound.  The  sodium  bromide  was 
removed  by  washing  with  water;  the  crystals,  after  drying,  were  recrystallized  from  methyl  alcohol  and  had 
m.  p.  143.5*,  which  corresponds  to  the  methyl  phenyl  ketal  of  ediylbenzoylcarbinol  [3];  Ae  yield  was  60%. 
Crystals  with  m.  p.  69-70*  were  Isolated  from  the  mother  liquor,  representing  a-phenoxypropyl  phenyl  ketone 
(~  20%).  The  a-phenoxy  ketone  was  identified  by  its  mixed  melting  point  with  the  compound  prepared  by 
Bradsher  and  Rosher  [2],  and  characterized  as  the  2,4-dinitrophenylhydrazone  with  m.  p.  59-60*. 

Found  %:  N  13.25,  13.27.  CaH^OsN^.  Calculated  %:  N  13.34. 

a-Phenoxypropyl  phenyl  ketone  does  not  change  when  heated  with  ZnCl^  in  ether,  or  when  heated  with 
methyl  alcohol  in  the  presence  of  either  cone.  H2SO4  or  HCl. 

b)  Reaction  with  sodium  S -naphtholate.  ***  The  reaction  was  run  using  10  g  of  brono  ketone  and  1.01  g 
of  Na  and  6.4  g  of  3  -naphthol.  The  substance  was  recrystallized  from  aqueous  methyl  alcohol.  We  obtained 
5.2  g  of  colorless  needle  crystals  with  m.  p.  83-84*. 

Found  %;  C  82.96,  82.77;  H  6.46  ,  6.25.  CaoHuOj.  Calculated  %:  C  82.76;  H  6.20. 

The  2,4-dinitroi*ienylhydrazone  of  the  ketone  has  m.  p.  177-179*. 

Found  %;  N  12.17,  12.14.  C26H22N4O5.  Calculated  %;  N  12.34. 

8  -Naphthoxypropyl  |4ienyl  ketone  does  not  change  when  heated  with  a  5%  aqueous  alcohol  solution  of 
potassium  hydroxide  (the  solution  acquires  a  cherry-red  color),  or  when  heated  with  a  5%  aqueous  alcdiol  solu¬ 
tion  of  sulfuric  acid. 

Found  %:  78.20,  78.24;  H  7.05,  7.09;  OCH3  9.60,  9.51;  act.  H  1.11,  1.10.  C21H22OJ.  Calculated  %; 

C  78.26;  H  6.83;  OCH3  9.63;  act.  H  1. 

The  white  hard  granules  that  deposited  from  the  mother  liquor  were  recrystallized  from  petroleum  ether. 
We  obtained  0.92  g  of  the  methyl  6  -naphthyl  ketal  of  ethylbenzoylcarblnol  with  m.  p.  111-112*. 

For  its  identification  the  methyl  8  -naphthyl  ketal  of  ethylbenzoylcarblnol  was  prepared  in  the  following 
manner.  A  solution  of  2  g  of  the  naphthol  in  benzene  was  treated  with  2.5  g  of  the  methyllactolide  of  ethyl- 
benzoylcarbinol;  the  evolution  of  heat  was  not  observed.  The  next  day  the  benzene  was  removed  in  vacuo  with¬ 
out  heating.  The  yield  of  crude  product  was  nearly  quantitative.  The  precipitate  was  recrystallized  several 
times  from  petroleum  ether,  m.  p.  Ill*;  the  mixed  melting  with  the  ketal,  prepared  from  the  brtxno  ketone, 
was  not  depressed. 

c)  Reaction  with  sodium  g-naphtholate.****  The  reaction  was  run  using  1.01  g  of  sodium,  6.4  g  of  the 
naphthol,  6.25  ml  of  methyl  alcohol  and  10  g  of  the  bromo  ketone.  Strong  taning  occurred  when  die  mixture 
was  heated,  so  the  experiment  was  run  in  the  cold  with  vigorous  stirring.  The  reaction  was  complete  in  several 
hours.  Approximately  V3  of  the  methyl  alcdiol  was  removed  by  vacuum-distillation,  the  NaBr  was  filtered, 
and  the  filtrate  was  poured  into  a  cry^llizing  dish.  The  whole  mass  crystallized  in  an  hour.  The  slightly  green¬ 
ish  crystals  were  washed  with  methyl  alcohol  and  then  recrystallized  from  it  twice.  a-Naphthoxypropyl  phenyl 
ketone  with  m.  p.  75-76*  was  obtained  in  50%  yield.  We  failed  to  isolate  any  other  crystalline  products. 


*  a-Bromopropyl  phenyl  ketone  had  the  following  constants;  b.  p.  132*  at  8  mm,  and  124”  at  5  mm. 
••  Done  by  G.  A.  Ugolnlkova. 

•••  Done  by  O.  A.  Netsetskaya. 

••••  Done  by  O.  A.  Netsetskaya. 
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Found  ‘d:  C  82.60,  82.49;  H  6.41,  6.29.  CjoHuOj.  Calculated  C  82.76;  H  6.20. 

When  the  a-naf^thoxypropyl  phenyl  ketone  was  heated  with  a  aqueous  alcohol  solution  of  KOH  for  1  hr 
the  solution  acquired  a  raspberry  color.  A  small  amount  of  colcvless  crystals,  melting  at  75*,  deposited  on  cool¬ 
ing.  The  addition  of  water  to  the  raspberry-colored  solution  gave  a  colorless  precipitate;  it  was  recrystallized 
from  methyl  alcohol,  but  the  obuined  crystals  melted  much  higher  than  the  original  —  at  86-87*, 

Found  C  82.42;  H  6.42.  C^HaO,.  Calculated  C  82.76;  H  6.20, 

A  similar  change  in  the  melting  point  of  a-naphthoxypropyl  phenyl  ketone  was  also  observed  when  it  was 
heated  in  an  aqueous  alcdiol  soluticxi  of  sulfuric  acid  (an  alcohol  solution  of  the  ketone  was  treated  with  5% 
aqueous  H1SO4  solution  until  cloudiness  appeared).  The  solution  was  heated  for  1  hr  at  the  boil.  Colorless  cry¬ 
stals  widi  m.  p.  86*  deposited  when  the  solution  was  cooled.  Addition  of  water  to  the  mother  liquor  gave  a  pre¬ 
cipitate,  which  was  recrystallized  from  methyl  alcohol.  M.  p.  86-87*.  The  yield  was  quantitative. 

Found  C  82.68;  H  6.41.  Cj,HmO,.  Calculated  C  82.76;  H  6.20. 

Mixtures  of  all  [voportions  of  starting  ketone  with  m.  p.  75-76*  and  the  crystals,  obtained  in  die  treatment 
with  either  alkali  or  acid  and  having  m.  p.  86-87*,  melted  sharply  at  86-87*. 

d)  Reaction  with  sodium  p-chlorophenolate.*  In  view  of  the  fact  that  in  the  first  experiments  only  non¬ 
crystallizing  viscous  oib  were  (Stained,  we  decided  to  prepare  the  corresponding  ketone  and  ketal. 

a-(p-Chlorophenoxy)  propyl  phenyl  ketone  was  obtained  by  heating  a  solution  of  12.2  g  of  the  bromo  ke¬ 
tone  and  6.8  g  of  p-chlorophenol  in  70  ml  of  acetone  for  6  hrs  in  the  presence  of  7.5  g  of  fused  potash.  The  cooled 
solution  was  treated  with  water  to  dissolve  the  KBr,  and  the  obtained  yellow  oil  was  extracted  with  ether;  die 
edier  extract  was  wadied  with  alkali  and  then  dried  over  MgS04.  After  distilling  off  the  ether  the  residual  oil 
rapidly  turned  completely  crystalline  (m.  p.  39*).  Recrystallization  from  ethyl  alcohol  gave  9  g  of  colorless  pris¬ 
matic  crystals  with  m.  p.  40*. 

Found  Cl  13.00,  12.88.  CisHijOjCl.  Calculated  <%:  Cl  12.9. 

The  2,4-dinitrophenylhydrazone  of  the  ketone  was  obtained  as  orange  crystals  (from  ethyl  acetate),  m.  p. 
170*  (in  a  sealed  capillary). 

Found  N  12.04;  Cl  8.04.  CaHM05N4Cl.  Calculated  N  12.32;  Cl  7.81. 

The  methyl  p-chlorot^enyl  ketal  of  etfaylbenzoylcarblnol.  was  obtained  by  reacting  4  g  of  the  methyllac- 
tolide  of  ethylbenzoylcarbinol  with  2.88  g  of  p-chloroj^enol  in  25  ml  of  benzene.  The  residue  with  m.  p.  39* 
that  deposited  the  following  day  was  recrystallized  from  methyl  alcohol.  We  obtained  0.3  g  of  the  cyclodime- 
diyldilactolide  of  ethylbenzoylcarbinol  and  1.5  g  of  its  methyl  p-chlorophenyl  ketal  as  colorless  crystals  with 
m.  p.  154*. 

Found  Cl  11.04,  11.02;  CHjO  9.88,  10.00;  act.  H  0.98.  C17H19O3CI.  Calculated  ojoi  Cl  11.5; 

CHjO  10.1;  act.  H  1. 

The  ketal  is  stable  when  kept  in  the  air.  When  boiled  for  a  long  time  in  alcdiol  solutions  the  ketal  is 
cranpletely  decomposed  to  p-chlorof^enol  and  the  cyclodimethyldilactollde  of  ethylbenzoylcarbinol. 

Action  of  sodium -p-chlorophenolate  on  the  a-bromo  ketone  in  methyl  alcohol  solution.*  *  To  a  solution 
of  the  sodium  chlorophenolate,  prepared  from  0.5  g  of  metallic  sodium,  20  ml  of  anhydrous  methyl  alcohol  and 
2.8  g  of  p-chlorophenol,  was  added  5  g  of  the  bromo  ketone.  A  slight  evolution  of  heat  was  observed,  and  NaBr 


•  Done  by  T.  B.  Remizova. 
••  Done  by  T.  B.  Remizova. 
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began  to  precipitate  immediately.  The  mixture  was  heated  to  the  boil;  after  cooling  the  mixture  the  NaBr  was 
filtered,  the  methyl  alcohol  was  vacuum -distilled,  and  the  residual  oil  and  crystals  were  treated  with  water  and 
then  widt  ether.  A  noncrystallizing  oil  was  obtained  after  removal  of  the  ether  in  vacuo.  It  was  freed  from  im¬ 
purities  by  heating  in  vacuo  at  4  mm  to  120%  The  residue  crystallized  rapidly.  The  substance  was  recrystallized 
from  ethyl  alcohol.  M.  p.  40%  Yield  66<5fc.  Its  mixture  widi  a-(p-chlorophenyl)  propyl  phenyl  ketone  melted  at 
(he  same  temperature. 

e)  Reaction  with  sodium  p-nitrophenolate.*  F(m:  reaction  we  took  0.23  g  of  Na,  10  ml  of  CHjOH,  1.39  g 
of  p-nitrophenol  and  2.27  g  of  a-bromopropyl  phenyl  ketone.  The  reaction  mixture  was  heated  for  6  hrt.  After 
die  usual  treatment  an  oil  was  obtained  that  crystallized  only  after  5  days,  and  after  recrystallization  horn  ethyl 
alcohol  die  crystals  melted  at  53-54*.  Since  analysis  of  the  crystals  revealed  too  hi^  a  nitrogen  content  when 
calculated  as  the  p-nitrophenoxy  ketone,  the  substance  was  purified  further  from  p-nitrophenol  by  washing  its 
ether  solution  with  caustic.  The  a-(p-nitrophenoxy)  propyl  phenyl  ketone  purified  in  this  manner,  after  recrystal¬ 
lization  from  ethyl  alcdiol,  melted  at  56*.  Besides  a  very  small  amount  of  p-nitrqihenol,  no  other  products  were 
isolated  from  the  mother  liquors. 

a-(p-Nitrophenoxy)  propyl  phenyl  ketone  was  also  (xrepared  by  die  reaction  of  p-nitrophenol  (2.72  g)  with 
a-bromopropyl  phenyl  ketone  (4.54  g)  in  acetone  (50  ml)  solution  in  the  presence  of  potash  (2.76  g).  The  mix¬ 
ture  was  heated  for  6  hrs,  after  which  water  was  added  to  dissolve  the  NaBr.  The  obtained  heavy  oil  was  extrac¬ 
ted  with  ether,  and  the  ether  solution  was  washed  with  alkali,  then  with  water,  and  dried  over  MgS04.  After 
distilling  off  the  ether  an  oil  was  obtained,  which  crystallized  only  after  standing  for  9  days.  Recrystallization 
from  ethyl  alcohol  gave  3  g  of  slightly  greenish  prismatic  crystals  widi  m.  p.  56*.  Their  mixture  widi  die  sub¬ 
stance,  obtained  in  the  reaction  of  sodium  p-nitrophenolate  with  the  same  bromo  ketone  in  methyl  alcohol  solu¬ 
tion,  melted  at  the  same  temperature. 

Found  C  67.31;  H  5.39;  N  4.86,  5.38.  CibH^O^N.  Calculated  <%:  C  67.37;  H  5.26;  N  4.91. 

The  2,4-dinitrophenylhydrazone  of  the  ketone  was  recrystallized  from  ediyl  acetate.  M.  p.  210*  in  a  sealed 
capillary. 

Found  <%•.  N  15.20.  C22H]907Ns.  Calculated  <)(>:  N  15.05. 

Rreparation  of  methyl  p-nitrophenyl  ketal  of  ethylbenzoylcarbinol.  To  a  solution  of  3  g  of  p-nitroj^enol 
in  25  ml  of  dry  benzene  was  added  4  g  of  the  methyllactolide  of  ethylbenzoylcarbinol.  The  next  day  the  de¬ 
posited  crystals  were  recrystallized  from  methyl  alcohol;  however,  in  this  case  the  substance  underwent 
considerable  decomposition  with  the  formation  of  p-ni&ophenol  and  the  cyclodimediyldilactolide  of  ethylbenzoyl¬ 
carbinol  (IV)  with  m.  p.  240*  [6].  Subsequently  the  compound  was  recrystallized  from  benzene.  We  obtained 

I. 98  g  of  colorless  coarsely  crystalline  substance  with  m.  p.  122*. 

Found  ojoi  C  64.28  ,  64.30;  H  6.21,  6.23;  N  4.57,  4.54;  OCH,  9.65,  9.57.  CnHjaOgN.  Calculated 
C  64.35;  H  6.00;  N  4.42;  OCH,  9.75. 

II.  Reaction  of  g-Bromoisopropyl  Phenyl  Ketone  with  Sodium  Arylates  ** 

a)  Reaction  with  sodium  B -naphtholate.***To  a  solution  of  the  sodium  naphdiolate,  prepared  from  1.01  g 
of  Na  and  6.4  g  ofB  -nai^thol  in  25  ml  of  methyl  alcohol,  was  added  10  g  of  the  bromo  ketone  in  5  ml  of  me¬ 
thyl  alct^ol.  Reaction  in  the  cold  was  complete  in  3  hrs.  After  the  usual  treatment  we  obtained  7.1  g  of  the 
methyl  6  -naphthyl  ketal  of  dimethylbenzoylcarbinol,  which  after  two  recrystallizations  from  methyl  alcohol 
had  m.  p.  105*.  Yield  50<5fe. 

Found  %:  C  78.34,  78.37;  H  6.90,  6.96;  CHjO  9.30,  9.24;  act.  H  1.08,  1.06.  CjiHjjOj.  Calculated  <jk: 

C  78.26;  H  6.83;  OCH,  9.63;  H  1. 


•  Done  by  T.  B.  Remizova. 

**  The  reaction  with  sodium  phenolate  was  described  earlier  [3]. 
•••  Done  by  O.  A.  Netsetskaya. 
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After  all  of  the  substance  with  m.  p.  105*  had  crystallized  out,  and  all  of  the  mother  liquor  had  been  evap¬ 
orated,  we  obtained  a  very  small  amount  of  crystals  with  m.  p.  185-186*,  identified  as  die  anhydro  dimer  of 
dimethylbenzoylcarbinol  [7], 

The  methyl  6  -nat^thyl  ketal  of  dimethylbenzoylcarbinol  was  also  obtained  from  1.32  g  of  6  -naphlhol 
and  1.66  g  of  the  methyllactolide  of  the  indicated  keto  alcohol  in  benzene  solution.  The  crystals  deposited  only 
after  the  benzene  had  been  vacuum-distilled.  Recrystallization  from  benzene  gave  a  substance  with  m.  p.  104- 
105*.  Its  mixture  with  the  ketal,  obtained  from  the  a-bromo  ketone,  melted  at  the  same  temperature.  The  an¬ 
hydro  dimer  of  dimethylbenzoylcarbinol  was  isolated  from  the  mother  liquor  residues. 

b)  Reaction  with  sodium  g-naphtholate.  *  The  experiment  was  run  under  exactly  the  same  conditions  as  In 
die  case  of  sodium  S -naphtholate.  Reaction  was  complete  in  3  hrs.  After  vacuum -distillation  of  the  methyl  al¬ 
cohol  the  residue  was  poured  into  a  crystallizing  dish,  and  after  3  days  the  whole  had  solidified  to  a  dark-brown 
mass.  It  was  dissolved  in  hot  methyl  alcohol.  On  cooling  the  solution,  first  tetragonal  and  then  bead- like  crys¬ 
tals  deposited.  All  of  the  crystals  melted  at  the  same  temperature  of  102-103*;  the  color  of  the  compound 
was  pale-orange. .  Coarse  thick  plates  began  to  deposit  from  the  last  mother  liqutx,  which  after  recrystallization 
from  methyl  alcohol  had  m.  p.  86-88*  (in  a  sealed  capillary,  89-91*).  Total  yield  of  all  of  the  crystals  was  7.7  g. 

Analysis  of  crystals  with  m.  p.  102-103*.  Found  •’Jo'.  C  78.03,  77.98;  H  6.99,  7.00;  OCH3  9.76,  9.80; 
act.  H  1.09. 

Analysis  of  crystals  with  m.  p.  86-88*.  Found  <5fc:  C  78.27;  H  7.01;  OCH3  9.42;  C21H22O3.  Calculated <7l>: 
C  78.26;  H  6.83;  CX:H3  9.63;  act.  H  1. 

Both  types  of  crystak  correspond  to  the  same  compound  —  the  methyl  a-naphthyl  ketal  of  dimethylben¬ 
zoylcarbinol.  Their  mixtures  in  different  proportions  melted  sharply  at  102-103*.  For  comparison  the  ketal  was 
ako  prepared  by  the  reaction  of  a-na{hthol  with  die  methyllactolide  of  ethylbenzoylcarbinol,  using  1.32  g  of 
a-naphthol  and  1.66  g  of  the  methyllactolide  in  benzene  solution.  After  vacuum-distillation  of  the  benzene 
without  heating  the  residue  was  poured  into  a  crystallizing  dish.  Coarse  crystak  began  to  appear  on  the  follow¬ 
ing  day;  after  purification  with  methyl  alcdiol  they  melted  at  103*;  their  mixture  with  the  ketal,  obtained 
frtMn  the  bromo  ketone,  melted  at  the  same  temperature.  Gradually  the  entire  content  of  the  crystallizihg  dish 
became  filled  with  these  crystak;  however,  subsequently  the  appearance  of  a-naphthol,  colored  pink,  began  to 
be  observed,  and  in  the  same  places  ako  needle-like  crystak  with  m.  p.  185-186*  (anhydro  dimer  of  the  keto 
alcohol  [7]).  After  several  days  the  crystals  with  m.  p.  103*  dkappeared,  and  the  whole  had  migrated  into  a- 
naphdiol  and  the  anhydro  dimer. 

c)  Reaction  with  sodium  p-nitrophenolate.**  To  a  solution  of  sodium -p-nitrophenolate,  prepared  from  0.5  g 
of  sodium,  3  g  of  p-nitrophenol  and  20  ml  of  methyl  alcohol,  was  added  5  g  of  a-bromoisopropyl  {^enyl  ketone. 
After  removal  of  the  methanol  in  vacuo  the  residue  was  recrystallized  from  ethyl  alcohol;  crystak  with  m.  p. 
96-97*  were  obtained.  Yield  28%. 

Found  %:  C  67.09,  67.18;  H  5.53,  5.39;  N  4.84.  Ci5H,s04N.  Calculated  %:  C  67.38;  H  5.26;  N  4.91. 

The  a-nitrophenoxy{X’opyl  i^enyl  ketone  was  ako  obtained  by  running  the  reaction  in  acetone;  a  mixture 
of  5  g  of  die  bromo  ketone,  3.06  g  of  p-nitroj^enol,  3  g  of  potash  and  40  ml  of  acetone  was  heated  until  the  test 
for  halogen  was  negative.  The  reaction  mixture  was  worked  up  in  the  usual  manner  to  yield  crystals  with  m.  p. 
97*.  Their  mixture  with  the  substance,  obtained  in  methyl  alcohol,  ako  melted  at  97*.  Yield  42%. 

For  comparison  we  prepared  the  methyl  p-nitrophenyl  ketal  of  dimethylbenzoylcarbinol.  To  a  solution  of 
3.97  g  of  p-nitroj^enol  in  30  ml  of  benzene  was  added  in  drops  a  solution  of  5.48  g  of  die  methyllactolide  in  7 
ml  of  benzene  with  stirring,  which  was  continued  until  all  of  the  p-nitroj^enol  had  dissolved.  The  solution  was 
let  stand  for  a  day  at  room  temperature.  The  next  day  the  solution  was  chromatographed  through  a  column 
packed  with  AI2OS,  having  a  height  of  8.5  cm.  Three  fractions  were  taken.  The  1st  fraction  was  pure  benzene, 
while  from  the  2nd,  and  partially  from  the  3rd  fraction,  after  vacuum-distillation  of  the  benzene  without  heating. 


•  Done  by  O.  A.  Netsetskaya. 

••  Done  by  G.  A.  Ugolnikova. 


a  yellow,  extremely  viscous  oil  was  isolated,  which  was  washed  with  ether  to  remove  traces  of  benzene,  and  the 
ether  was  removed  in  vacuo.  The  yield,  calculated  as  the  ketal,  was  50%. 

Found  %:  C  64.42,  64.18;  H  6.23,  6.30;  N  4,53.  M  321.6.  CnH^OsN.  Calculated  %:  C  64.35;  H  6.00; 

N  4.42.  M  317.3. 

The  substance  is  easily  hydrolyzed  with  alkali  in  the  presence  of  alcohol  and  is  decomposed  when  heated 
with  alcohol. 

A  solution  of  1.04  g  of  the  ketal  in  20  ml  of  ethyl  alcohol  was  heated  for  3  hrs,  after  which  the  alcohol 
was  distilled  off,  die  residue  dissolved  in  ether,  the  ether  extract  washed  with  water  and  alkali  to  remove  p-nitro- 
phenol,  and  then  it  was  dried  over  fused  MgS04.  Removal  of  the  ether  by  distillation  left  an  oil,  from  which  the 
2,4-dinitrophenyIhydrazone  was  prepared,  which  after  recrystallization  melted  at  144-145”  in  a  sealed  capillary. 
The  mixed  melting  point  with  the  authentic  2,4-dinitrophenylhydrazone  of  dimethylbenzoylcarbinol,  melting  at 
145-146”,  was  not  depressed. 

d)  Reaction  with  sodium  3,4-xylenolate.*  To  a  colorless  solution  of  the  calculated  amount  of  sodium  xylen- 
olate  in  25  ml  of  methyl  alcohol  was  added  a  solution  of  10  g  of  the  bromo  ketone  in  5  ml  of  methanol.  The 
solution  turned  slightly  yellow,  but  when  all  of  the  bromo  ketone  had  been  added  the  yellow  color  disappeared, 
and  NaBr  began  to  deposit.  Reaction  was  complete  in  2  hrs.  Vacuum-distillation  of  all  of  the  alcohol,  separa¬ 
tion  of  the  NaBr,  and  evaporation  of  the  alcohol  residues,  gave  a  completely  colorless  solid  as  residue.  A  good 
recrystallization  solvent  for  the  solid  proved  to  be  either  aqueous  or  anhydrous  methyl  alcohol;  in  the  first  case 
tiny  needles  were  obtained,  and  in  the  second  —  short  ^tout  .transparent  rods,  collecting  as  aggregates.  After  one 
recrystallization  the  isolated  methyl  3,4-xylenyl  ketal  of  dimethylbenzoylcarbinol  had  m.  p.  103-104”. 

Found  %:  C  75.97,  75.92;  H  7.85,  7.90;  OCH3  10.45,  10.70;  act.  H  0.98.  CiaHj^Oj.  Calculated  %: 

C  76.00;  H  8.00;  OCH3  10.33;  act.  H  1. 

The  crystals  that  deposited  from  the  motherliquor  were  again  recrystallized  from  methyl  alcohol,  but  first 
they  were  allowed  to  stand  in  the  solution  overnight  under  the  solvent.  The  next  morning  the  crystals  had  disap¬ 
peared,  and  after  several  days  an  entirely  different  type  of  crystals  -  tiny  tetragons  —  had  deposited.  M.  p.  185- 
186”;  their  mixture  with  the  anhydro  dimer  of  dimethylbenzoylcarbinol  melted  at  the  same  temperature.  We 
obtained  5.75  g  of  the  ketal  and  1.0  g  of  the  anhydro  dimer  of  the  keto  alcdiol. 

The  same  ketal  was  also  obtained  by  reacting  1.66  g  of  the  methyllactolide  of  the  same  keto  alcohol  with 
1.13  g  of  3,4-xylenol.  The  reaction  was  run  in  the  usual  manner.  The  crystals  melted  at  103-104”,  and  did  not 
give  a  melting  point  depression  when  mixed  widi  the  ketal,  obtained  In  the  preceding  experiment.  After  3  days 
the  entire  mass  had  changed  to  a  hard  crystalline  substance  with  m.  p.  103”.  However,  if  die  crystals  were  allowed 
to  stand  in  the  crystallizing  dish  without  purification,  then  by  the  next  day  they  had  changed  to  a  light-colored 
mobile  liquid,  from  which  the  anhydro  dimer  of  the  keto  alcohol,  with  m.  p.  185-186”,  gradually  began  to  deposit 
as  tiny  tetragonal  crystals. 

III.  Reaction  of  g-Bromoethyl  Phenyl  Ketone  with  Sodium  p-Nitrophenolate  *  * 

To  a  solution  of  sodium  p-nitrophenolate,  prepared  from  0.54  g  of  sodium,  3.26g  of  p-nitrophenol  and  40 
ml  of  methyl  alcohol,  was  added  5  g  of  the  bromo  ketone.  After  removal  of  the  mediyl  alcohol  the  isolated  pre- 
cipiute  was  washed  with  edier.  The  ether  extract  was  worked  up  to  give  a-(p-nitrophenoxy)  ethyl  phenyl  ketone; 
when  recrystallized  from  ethyl  alcohol  it  was  obtained  as  slender  needles  widi  a  pale  yellow  color.  M.  p.  82-83”. 
Yield  25%. 

Found  %:  C  66.85,  66.41;  H  5.14,  4.85.  N  5.30.  CjgHuO^N.  Calculated  %;  C  66.42;  H  4.80;  N  5.16. 


•  Done  by  O.  A.  Netsetskaya. 
••  Done  by  G.  A.  Ugolnikova. 


2557 


The  same  compound  was  also  obuined  when  tlie  reaction  was  run  in  acetone  in  the  presence  of  potash. 

M.  p.  82-83*.  Its  mixture  with  the  p-nitrophenoxy  ketone,  obtained  in  methyl  alcohol  solution,  melted  at  the 
same  temperature. 

Attempt  to  prepare  the  methyl  p-nitrophenyl  ketal  of  methylbenzoylcarbinol.  To  a  mixture  of  6  g  of  p- 
nitrophenol  and  30  ml  of  benzene  was  added  6  g  of  the  methyllactolide  of  methylbenzoylcarbinol  in  drops.  The 
p-nitrophenol  crystals  dissolved  with  self-heating  of  the  solution  to  40*.  The  next  day  the  benzene  was  removed 
in  vacuo,  and  the  residue  —  a  yellow  oil  —  began  to  crystallize  gradually.  The  isolated  crystals,  after  pressing  on  a 
porous  plate,  melted  at  110-112”,  and  did  not  depress  the  melting  point  with  p-nitrophenol.  The  next  day  die 
reaction  product  had  turned  to  a  tar.  Washing  the  tar  with  either  benzene  or  ether  left  crystals  with  m.  p.l96- 
198”,  which  after  recrystallization  from  methanol  melted  at  244.5-245.5*  (the  melting  point  of  the  cyclodime- 
thyldilactolide  of  methylbenzoylcarbinol  [6]). 

An  attempt  to  chromatograph  a  benzene  solution  of  the  reaction  product  on  AI2P3  led  to  the  same  result. 
The  hactions  isolated  after  chromatographing  were  found  to  contain  crystals  of  the  cyclodimethyldilactolide  of 
mediylbenzoylcarbinol. 

IV.  Reaction  with  g-Bromobutyl  Phenyl  Ketone* 

a)  The  reaction  of  ct-bromo  ketone  with  sodium  phenolate  in  methyl  alcohol  was  described  earlier  [3]. 

The  reaction  of  the  a-bromo  ketone  with  phenol  in  acetone  in  the  presence  of  potash  gave  a-phenoxyvalero- 
phenone  widi  m.  p.  45*  (from  ethyl  alcohol). 

Found  C  80.05,  80.26;  H  7.14,  7.16.  M  247.  CnHijOj.  Calculated  C  80.31;  H  7.14;  M  254. 
a-Phenoxyvalerophenone  was  characterized  as  the  2,4-dinitrophenylhydrazone  with  m.  p.  55-56*. 

Found  %:  N  13.05,  12.95.  C13H22N4O5.  Calculated  N  12.90. 

b)  Reaction  with  sodium  m-cresolate.  1.  In  methyl  alcohol.  10  g  of  o-bromobutyl  j^enyl  ketone  was  added 
in  drops  to  a  ^solution  of  0.95  g  of  sodium  and  4.48  g  of  m-cresol  in  40  ml  of  methanol.  The  reaction  was  run  in 
the  usual  manner  for  the  preparation  of  ketak.  Recrystallization  from  methanol  gave  the  methyl  m-cresyl  ketal 
of  propylbenzoylcarbinol  as  crystals  with  m.  p.  106*. 

Found  <5b:  C  75.86,  75.74;  H  8.13,  7.97;  OCHs  10.16;  H  act.  0.94.  CJSHJ4O3.  Calculated  :  C  76.00; 

H  8.00;  OCH3  10.33;  H  act.  1. 

2.  In  acetone.  A  mixture  of  10  g  of  a-br(»nobutyl  phenyl  ketone,  4.48  g  of  m-cresol  and  5.72  g  of  pK>tash 
in  40  ml  of  acetone  was  heated  under  reflux  until  the  Beilsteln  test  for  halogen  was  negative.  After  the  usual 
treatment  and  recrystallization  from  edianol  we  obtained  the  a-(m-cresoxy)  butyl  phenyl  ketone  with  m.  p.  56*. 

Found  C  80.49,  80.52;  H  7.69,  7.62.  C^HjoGj.  Calculated  <5fc;  C  80.61;  H  7.46. 

The  2,4-dinitrophenylhydrazone  of  the  ketone  had  m.  p.  127*. 

Found  ojoi  N  12.57.  Cj4H3t05N4.  Calculated  N:12.50. 

V.  Preparation  of  a- Phenoxylsobutyl  Phenyl  Ketone** 

The  reaction  was  run  uiing  6.5  g  of  a-bromoisobutyl  phenyl  ketone,  2.92  g  of  phenol,  5  g  of  potash  and 
40  ml  of  acetone.  After  the  usual  treatment  and  recrystallization  from  alcohol  the  obtained  ketone  had  m.  p. 
96-97! 

Found  Ojoi  C  80.41,  80.41;  H  7.33,  7.38.  M  240.  CnHuO,.  Calculated  ‘Jb;  C  80.31;  H  7.14.  M  254. 


•  Done  by  G.  A.  Ugolnikova. 
••  Done  by  G.  A.  Ugolnikova. 
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SUMMARY 


Support  was  obtained  fw  tbe  earlier  made  observation  that  it  is  possible  for  the  reaction  of  sodium  arylates 
widi  a-bromoalkyl  phenyl  ketones  to  proceed  in  two  directions  in  methyl  alcohol  solution  —  in  the  direction  of 
forming  the  a-arylmcy  ketone  and  that  of  forming  the  methyl  aryl  ketal  of  the  a-keto  alcohol.  The  nucleophilic 
properties  of  die  arylate  and  the  structure  of  the  a-bromo  ketone  determine  which  of  die  indicated  directions 
predominates. 
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SYNTHETIC  INVESTIGATIONS  IN  THE  FIELD  OF  POLYENES 


\ 


Xm,  SYNTHESIS  OF  POLYENIC  KETONES  BY  PYROLYSIS  OF  ACETOACETATES  OF  TERTIARY 

ACETYLENIC  CARBINOLS 

G.  I.  Samokhvalov,  M.  A.  Miropol 'skaya ,  L.  V.  Lukyanova  and 
N.  A.  Preobrazhensky 


It  is  well  known  that  acetoacetic  ester  decomposes  on  heating,  in  the  presence  of  bases,  into  alcohol  and  de- 
hydracetic  acid  [1,  2].  Heating  acetoacetic  ester  with  a, fi -unsaturated  alcohols  in  the  presence  of  alkaline  caulysts 
gives  rise  to  the  formation  of  unsaturated  ketones  [3].  This  reaction  may  be  regarded  as  a  transesterification  with 
an  intramolecular  rearrangement  in  the  resultant  acetoacetates  of  ethylenic  alcohols.  In  fact,  under  conditions  of 
pyrolysis,  acetoacetates  of  unsaturated  alcohols  also  lose  carbon  dioxide  and  form  y  ,5 -unsaturated  ketones  [4,  5]. 
The  use  of  the  cx-chloro-substituted  derivative  of  acetoacetic  ester  in  a  similar  transformation  gave  y,6 -unsatur¬ 
ated  monochloroketones,  and  treatment  of  the  latter  with  pyridine  led  to  the  formation  of  diene  ketones [6],  Re¬ 
cently  it  has  been  shown  by  Lacey  [7]  and  by  ourselves  [8,  9]  that  a  similar  intramolecular  rearrangment  with  the 
splitting  off  of  carbon  dioxide  and  formation  of  diene  ketones  also  takes  place  during  pyrolysis  of  acetoacetates  of 
tertiary  acetylenic  alcohols,  while  Naves  [10]  found  that  heating  acetylenic  tertiary  carbinols  with  acetoacetic 
ester  also  gives  rise  to  the  formation  of  diene  ketones. 

The  pyrolytic  decarboxylation  and  isomerization  of  acetoacetates  of  ethylenic  and  acetylenic  alcohols  have 
been  used  by  us  in  the  synthesis  of  pseudoionone  (VII)  [8,  9]  in  accordance  with  the  following  scheme: 
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Fig.  1.  Infrared  absorption  spectra.  Fig.  2.  Infrared  absorption  spectra. 

1)  Ketone  isomeric  with  pseudoionone  (frac-  1)  Dimethylpropynylcarbinol  acetoacetate 

cion  No.  3  of  the  products  of  pyrolysis  of  dehy-  (liquid),  2)  its  crystalline  isomer 

drolinalool  acetoacetate),  2)  pseudoionone  (m.p.  45-49.5  *). 

(fraction  No.  5  from  the  same  experiment). 


To  explain  the  mechanism  of  this  transformation,  Lacey  and  Naves  have  suggested  that  there  is  formed  an 
intermediate  cyclic  complex  which  decomposes  with  the  evolution  of  carbon  dioxide, the  resultant  molecule  be¬ 
ing  stabilized  in  the  form  of  an  allene  compound.  On  fractionating  in  vacuo  the  products  formed  on  heating  of 
the  acetoacetate  of  dehydrolinalool  (VI)  to  180*  we  have  obtained  fractions  which  contained  dehydrolinalool,  dehy- 
dracetic  acid  and  carbonyl  compounds.  In  contrast  to  the  results  of  Naves,  we  were  unable  to  confirm  the  form¬ 
ation  of  allenic  ketones  during  the  decomposition  of  the  acetoacetate  of  dehydrolinalool  (VI).  Examination  of 
ultraviolet  and  infrared  absorption  spectra  (Fig.  1)  of  fractions  boiling  at  temperatures  below  the  boiling  point  of 
pseudoionone  (fraction  No.  3,  see  Experimental)  indicated  the  presence  of  a  compound  in  which,  unlike  in  pseudo- 
ionone  (and  in  ionones),  the  carbonyl  group  is  not  conjugated  with  the  double  bonds  {v  1710  cm~^).  The  semicarba- 
zone  of  this  ketone  had  a  melting  point  of  133.5-134*.  The  elementary  analysis  corresponded  to  the  formula 
C14H2/INS;  from  this  it  follows  that  the  ketone  obtained,  C23H20O,  is  isomeric  with  pseudoionone.  Catalystic  hy  - 
drogenation  of  the  ketone  over  a  partially  deactivated  Raney  nickel  catalyst  indicated  the  presence  of  only  two 
double  bonds  instead  of  the  three  present  in  pseudoionone.  This  may  be  explained  on  the  assumption  that  the  ketone 
is  a  cyclic  one  in  which  the  double  bond  which  has  been  used  up  in  closing  the  ring,  is  conjugated  in  pseudoionone 
with  the  carbonyl  group.  The  final  elucidation  of  the  structure  of  this  ketone  Is  of  interest  from  the  point  of  view 
of  the  mechanism  of  subilization  of  the  transitional  complex  formed  in  the  decarboxylation  step. 

Lacey  views  the  pyrolytic  transformations  of  acetoacetates  of  dialkylethynyl  carbinols  into  dienones  as  a  re¬ 
action  which  is  catalyzed  by  p-toluenesulfonic  acid  and  by  other  acid  catalysts.  However,  we  have  found  that 
whereas  in  the  absence  of  acid  catalysts  the  yield  of  pseudoionone  during  pyrolysis  of  dehydrolinalool  acetoacetate 
was  62  %,  no  increased  yield  was  obtained  on  addition  of  p-toluenesulfonic  acid. 

By  heating  the  acetoacetate  of  dimethylethynylcarbinol,  prepared  by  the  action  of  diketene  on  the  carbinol, 
to  160*  we  effected  its  transformation  into  6-methylheptadiene-3,5-one-2  without  the  aid  of  p-toluenesulfonic 
acid,  in  conuast  to  the  findings  of  Lacey: 
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However,  it  was  found  that  the  liquid  dimethylethynyl  acetoacetate  (b.p.  112-112.5*  at  6  mm)  easily  changes 
into  a  crystalline  substance  (m.p.  49-49.5*,  from  petroleum  ether).  This  transition  is  not  a  mere  change  of  the 
sute  of  aggregation.  The  Raman  spectrum  of  the  original  (liquid)  compound  reveals  the  characteristic  frequency 
of  the  uiple  bond  (2112  cm~^).  Solutions  of  the  crystalline  substance  exhibit  strong  fluorescence  which  makes  the 
investigation  of  its  Raman  spectrum  difficult.  Comparison  of  infrared  spectra  of  the  solid  and  liquid  compounds, 
at  present  studied  only  over  the  ranges  of  800-1600  and  2700-3600  cm"\  has  revealed  a  band  at  1570  cm"^  (strongly 
displaced  frequency  of  a  double  bond  7)  in  the  case  of  the  crystalline  substance.  Determination  of  the  molecular 
weight  gives  no  reasons  to  suppose  that  the  compound  is  a  dimer.  The  crystalline  substance  no  longer  undergoes 
the  isomerizations  on  heating  to  180*,  but  on  addition  of  acid  catalysts  it  isomerizes  to  a  diene  ketone. 

EXPERIMENTAL 

1.  Dimethylethynylcarbinol  acetoacetate  (liquid).  0.05  g  of  metallic  sodium  was  dissolved,  with  stirring, 
in  12.6  g  of  dimethylethynylcarbinol  (I),  followed  by  dropwise  addition,  at  10*,  of  14.8  g  of  diketene,  after  which 
the  mixture  was  stirred  for  16  hours  at  18-20*.  To  the  reaction  mixture  was  then  added  40  ml  of  methylene  chlor¬ 
ide  and  30  ml  of  saturated  sodium  bicarbonate  solution  and  the  whole  was  stirred  for  one  hour.  The  organic  layer 
was  separated  and  dried  over  sodium  sulfate.  After  removal  of  the  solvent  the  residue  v'a*  distilled  in  vacuo.  The 
acetoacetate  of  (I)  was  obtained  as  a  colorless  liquid,  yield  22.3  g  (88.5  %). 

B.  p.  93-94*  at  8  mm,  df  1.0204,  ng  1.4449,  MRp  43.81.  C^HuOjp  Calculated  43.43. 

The  crystalline  isomer  of  the  acetoacetate  of  (I)  was  obtained  quantitatively  by  dissolving  the  latter  in  ether, 
scratching  the  walls  of  the  vessel  and  gradually  evaporating  the  solvent,  or  by  introducing  a  trace  of  the  crystalline 
substance . 
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M,p.  49-49,5*  (from  petroleum  ether).  Mol.  wt.  (cryoscopic)  166.  C9H]203.  Calculated  Mol.  wt,  168. 

2.  6“Methylheptadiene-3.5-one-2.  11.2  g  of  acetoacetate  of  (1)  (liquid)  was  heated  in  a  current  of  nitrogen 
at  170-180*  for  3  hours,  cooled  and  distilled  in  vacuo,  A  faintly  yellow  liquid  was  obtained,  yield  4.2  g  (50.7  ^). 

B.  p.  85-86*  at  10  mm,  1.5291,  290  m/l,  6  27600. 

3.  Dimethylvinylcarbinol  acetoacetate  (III)  was  obtained  as  a  colorless  liquid  from  31.1  g  of  dimethylvinyl 
carbinol  [11]  and  36.2  g  of  diketene  under  conditions  similar  to  those  used  in  Experiment  No.  1.  Yield  46.7  g  {1G%). 

B.  p.  97-98*  at  10  mm,  df  0.9886,  np  1.4386,  MRp  45.23.  CgH^Ospr  Calculated  44.96. 

Found  C  63,26;  H  8.77;  CjM^Os,  Calculated  %  C  63,53;  H  8.23, 

4.  2-Methylheptene-2-one-6  (IV).  42,5  g  of  (III)  was  heated  in  a  current  of  nitrogen  at  140-160*  for  2  hours 
and  subsequently  distilled  in  vacuo.  Yield,  22.3  g  (71  %). 

B.  p.  68-70*  at  5  mm,  d|®  0.8538,  ng  1.4404,  MRp  38.96.  CgHjPp;  Calculated  38.69. 

5.  Dehydrolinalool  (V).  2,7  g  of  metallic  sodium  was  dissolved  in  150  ml  of  liquid  ammonia  at  a  temperature 
of  -50  to  -60*,  a  current  of  acetylene  being  passed  into  the  mixture  at  such  a  rate  as  to  prevent  the  solution  from 
assuming  a  bluish  color.  When  all  the  sodium  dissolved,  stirring  and  passage  of  acetylene  was  continued  for  another 
20-30  minutes  after  which  20.1  g  of  2-methylheptene-2-one-6  was  added  dropwise.  The  mixture  was  stirred  for 
another  3-4  hours  with  slow  passage  of  acetylene.  At  the  end  of  this  period  the  cooling  was  stopped,  12  g  of  ammon¬ 
ium  chloride  added  and  the  ammonia  removed.  To  the  reaction  mixture  was  added  50  ml  of  methylene  chloride 
and  50  ml  of  water,  the  organic  layer  was  removed  and  the  aqueous  layer  was  again  extracted  with  50  ml  of  the 
same  solvent.  The  combined  extracts  were  washed  with  saturated  sodium  chloride  solution  and  dried  over  sodium 
sulfate.  After  removing  the  solvent  the  residue  was  fractionated  in  vacuo.  Yield  17.9  g  (74  %). 

B.  p.  98-100*  at  7  mm.,  df  0.884,  ng  1.4622,  MRp  47.15.  CjoHieOF  F  Calculated  47.43. 

6.  Dehydrolinalool  acetoacetate  (VI).  To  17.9  g  of  dehydrolinalool  (V)  was  added  0.1  g  of  metallic  sodium 
and  the  mixture  was  stirred  until  the  latter  dissolved  completely.  The  mixture  was  then  cooled  to  10*  and  7.8  g 

of  diketene  was  added  dropwise.  Stirring  was  continued  for  2-3  hours  at  10-12*  after  which  the  mixture  was  allowed 
to  stand  for  12  hours  at  17-18*.  The  subsequent  treatment  was  similar  to  that  followed  in  Experiment  No.  3.  Yield, 
20.1  g  (7  2.1  %). 

B.  p.  78-80*  at  0.1  mm,  df  0.9879,  ng  1.4662,  MRp  66.22.  Ci4HjoOj  p ^Calculated  66.05, 

Found  C  71.42;  H  8.64.  Ci4H2o03.  Calculated  °/ot  C  71.18;  H  8.47. 


Fraction 

No, 

Weight 

g 

Boiling 

point 

"d 

Characteristic  absorption 
band 

Hj  absorbed 
per  mole 
of  compound 

2,4-Dinitrophenylhydrazone 

mm 

1  cm 

m.p. 

N  found  (%) 

3 

1.9 

83-89“ 

1.4820 

- 1 

No  character 

ristic  band 

1,78 

75-77* 

15,17* 

4 

1.6** 

90-95 

1.4916 

No  characteristic  band 

- 

- 

- 

5 

6.2 

96-100 

1.5312 

290 

1120 

2.92 

135-136 

14.83*** 

6 

3.9 

100-108 

1.5316 

290 

1180 

- 

- 

- 

•  Semicarbazone,  m.p.  133,5-134*.  Found  N  16.51.  Ci4H230N3.  Calculated  N  16.85, 

••  Contains  0,7  g  of  dehydracetic  acid.  M.  P.  108-109*. 

•••  Dinitrophenylhydrazone,  Cj9H24N404.  Calculated  ‘fe  N  15,05. 

7,  Pseudoionone  and  its  isomeric  ketone.  20.1  g  of  (VI)  was  heated  for  3  hours  at  170-180*  in  a  current  of 
nitrogen,  cooled  and  fractionated  in  vacuo.  At  a  residual  pressure  of  2  mm  j6  fractions  were  obtained.  The  first 
two  fractions  (combined  weight  2.1  g)  contained  dehydrolinalool  with  a  small  amount  of  carbonyl  compounds; 
the  other  four  fractions  had  the  chracteristics  given  in  the  table.  Yield  of  pseudoionone  (Fractions  No.  5  and  6) 
was  10.1  g  (61,8  %),  based  on  (VI). 


Characteristic  frequencies  in  the  800-1800  cm*^  range  of  infrared  spectrum:  fraction  No.  3  (cyclic  ketone): 
850,  910,  970,  1000,  1030,  1140,  1180,  1250,  1270,  1330,  1370,  1390,  1450,  1520,  1545,  1580,  1650,  1660,  1680, 
1710  (cm"‘).  Fraction  No.  5  (pseudoionone):  830,  892,  980,  1110,  1170,  1260,  1360,  1442,  1591,  1634,  1670, 

1680  (cm"^). 

SUMMARY 

1.  A  complete  synthesis  of  pseudoionone  has  been  carried  out  by  p)nrol)rtic  transformations  of  tertiary  ethylenic 
and  acetylenic  alcohols. 

2.  The  pyrolytic  transformation  of  dehydrolinalool  acetoacetate  involves  the  decarboxylation  and  isomeri¬ 
zation  of  the  transitional  complex  into  a  triene  ketone  (pseudoionone)  and  partly  into  a  cyclic  ketone  in  which 
the  carbonyl  group  is  not  conjugated  with  the  double  bonds. 

3.  Dimethylethynyl  carbinol  acetoacetate  is  easily  transformed  into  an  isomeric  crystalline  compound  which 
shows  different  behavior  during  pyrolysis  and  has  a  different  infrared  absorption  spectmm. 
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INTERACTION  OF  SALTS  OF  A  RYL  A  ZOC  A  RBOXYLIC  ACIDS  WITH  CIS-  AND 
TRANS -8  -  C  HLORO  VINYL  ME  RCURICHLORIDES 

O.  A.  Reutov  and  E.  M.  Fedneva 


As  has  been  shown  by  A.  N.  Nesmeyanov  and  one  of  us  [1],  salts  of  arylazocarboxylic  acid  react  with  corrosive 
sublimate  to  give  organo-mercury  compounds. 

Ar — N=N — COOK-»-HgCl2  — >  Ar — HgCl -i- N2 CO2-+- KCl 

In  the  present  work  we  have  studied  the  reactions  of  potassium  phenyl-  and  p-tolylazocarboxylates  with  adducts 
of  corrosive  sublimate  to  acetylene,  i.e.,  8 -chlorovinylmercurichlorides.  These  reactions  proceed  in  two  directions. 
On  the  one  hand,  8 -chlorovinylmercurichlorides  react  in  the  same  way  as  the  complex  of  mercuric  chloride  with 
acetylene,  giving  rise  to  the  formation  of  an  arylmercurichloride,  acetylene,  nitrogen,  carbon  dioxide  and  potassium 
chloride.  On  the  other  hand,  they  also  react  as  true  organo-metallic  compounds,  the  products  of  the  reaction  be¬ 
ing  w-chlorostyrene,  nitrogen,  carbon  dioxide,  metallic  mercury  and  potassium  chloride. 


Ar— N=N— COOK  -1-  CICH=CH— HgCl<^ 


Ar— HgCl  -I-  CH=CH  -I-  N2  -+-  CO2  KCI 
Ar— CH=CH— Cl  -I-  N2-4-C02-«-Hg-i-KCl 


In  these  reactions  is  manifest  the  dual  reactivity  of  8  -chlorovinylmercurichlorides  which  is  so  characteristic 
of  all  compounds  of  a  quasi -complex  character  [2]. 

By  the  interaction  of  potassium  phenylazocarboxylate  with  trans-8 -chlorovinylmercurichloride  there  was 
formed  trans-w-chlorostyrene  (b.p.  89*  [18  mm],199*  [758  mm],np  1.5802,  dj®  1.1115),  which  was  identical  witii 
that  described  in  the  literature  [3]. 

Reaction  of  potassium  phenylazocarboxylate  with  cis-  8-chlorovinylmercurichloride  leads  to  the  formation 
of  w-chlorostyrene  which  has  different  characteristics,  namely,  b.p.  60-64*(  18  mm)  ,  n^  1.5763,  dj®  1.1623. 

Since,  according  to  the  authors  of  [4],  electrophilic  and  free-radical  substitutions  in  organo-metallic  de¬ 
rivatives  of  8  -chlorovinyl  take  place  with  the  conservation  of  the  spatial  configuration  of  the  chlorovinyl  group, 
it  may  be  assumed  that  the  chlorostyrene  in  question  is  the  cis-isomer. 


H  H  H 

C0H5— N2— COOK 

/  \ 

ClHg  Cl 


H 


CO2  Hg  KCI 


Interaction  of  potassium  p-tolylazocarboxylate  with  trans-8 -chlorovinylmercurichloride  gives  p-methyl- 
-  w-chlorostyrene  (b.p.  99-101*  [14  mm],  n^  1.5660),  which  is  identical  with  that  described  in  the  literature  [5]. 
Data  on  the  configuration  of  this  compound  are  absent  in  the  literature,  but  in  view  of  the  fact  that  this  isomer  is 
formed  from  trans -6 -chlorovinylmercurichloride  it  may  be  assumed,  following  the  Nesmeyanov-Borisov  rule,  that 
it  has  the  trans-configuration. 


CH3C„H4— N2-COOK  -I- 


H  Cl 

,  / 
::=c 
/  \ 

ClHg  H 


H  Cl 

-*-N2-i-CO-*-Hg -I- KCI 

/  \ 

CHsCgHi  H 
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EXPERIMENTAL 


Interaction  of  potassium  phenylazocarboxylate  with  trans-3-chlorovinylmercurichloride.  To  a  solution  of 
35.7  g  (0.12  mole)  of  trans-6-chlorovinylmercurichloride  in  200  ml  of  anhydrous  acetone  was  added,  with  vigorous 
stirring,  in  the  cold,  29.5  g  (0.157  mole)  of  potassium  phenylazocarboxylate  over  40  minutes.  The  reaction  mix¬ 
ture  darkened  rapidly  (liberation  of  metallic  mercury)  and  became  warm.  At  the  end  of  the  addition  of  the  potassium 
salt  the  mixture  was  stirred  for  another  half  hour.  The  precipitate  which  separated  (KCl,  KHCOs,  Hg)  was  filtered 
off  (filtrate  I).  Acetone  was  removed  from  filtrate  (I)  after  which  the  residue  was  shaken  with  a  small  amount  of 
ether  and  filtered  off  (filtrate  II).  The  residue  on  the  filter  was  phenylmercurichloride,  which  after  recrystalliza- 
tion  from  acetone,  had  a  melting  point  of  252*.  Yield,  7.0  g  (18.5*5^)).  Most  of  the  ether  was  removed  from  filtrate 

(II)  and  the  residue  was  distilled  in  vacuo.  The  distillate  —  a  colorless  liquid  with  an  odor  of  hyacinth  —  was 

found  to  be  trans-w-chlorostyrene.  Yield  2.1  g  (12  %,  calculated  on  the  chlorovinylmercurichloride). 

B.  p.  89*  (18  mm),  199*  (758  mm),  ng  1.5802,  dj®  1.1115.  As  given  [3]  s  b.p.  89*  (17.5  mm),  199-199.2* 

(760  mm),  ng  1.5808,  dj®  1.1122. 

Found  %:  C  69.19;  H  5.25.  C,H7a.  Calculated  C  69.37;  H  5.10. 

Interaction  of  potassium  phenylazocarboxylate  with  cis -8 -chlorovinylmercurichloride.  The  reaction  be¬ 
tween  31.3  g  of  cis -6 -chlorovinylmercurichloride  and  28  g  of  potassium  phenylazocarboxylate  was  carried  out 
under  the  same  conditions  as  those  used  in  the  foregoing  experiment.  By  similar  subsequent  treatment  of  the  re¬ 
action  mixture  there  was  obtained  1.8  g  of  w-chlorostyrene  (12‘5i>)  in  the  form  of  a  colorless  liquid  having  a 
hyacinth  odor  and  being  easily  soluble  in  acetone,  ether  and  chloroform. 

B.p.  194-196*  (760  mm),  60-64*  (17-18  mm),  ng  1.5763,  d“  1.1623. 

Found ‘fe  C  69.41;  H  5.05.  C,H7a.  Calculated  C  69.37;  H  5.10. 

Interaction  of  potassium  p-tolylazocarboxylate  with  trans-B -chlorovinylmercurichloride.  32.4  g  (0.160  mole) 
of  the  potassium  salt  and  40  g  (0.134  mole)  of  trans-6 -chlorovinylmercurichloride  were  reacted  under  the  usual 
conditions.  After  the  usual  treatment  of  the  reaction  mixture  there  was  obtained  2.45  g  (12  Vo  )  of  p-methyl-w- 
-chlorostyrene  as  a  colorless  liquid  with  the  odor  of  citrus  fmit. 

B.  p.  99-101*  (14  mm),  ng  1.5660.  As  given  [5];  b.p.  99-102*  (14  mm),  ng'*  1.5635. 

Found  C  71.20;  H  5.95.  CjHjQ.  Calculated  %:  C  70.80;  H  5.95. 

SUMMARY 

1.  The  authors  have  demonstrated  the  formation  of  w-chlorostyrenes  resulting  from  the  interaction  of  salts 
of  arylazocarboxylic  acids  with  B  -chlorovinylmercurichlorides. 

2.  The  geometrical  configuration  of  the  w-chlorostyrenes  has  been  discussed. 
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IMINES  OF  DI-  AND  POLYKETONES 


I.  2-PHENYLINDANDIONE-l,3 

G.  Ya.  Vanag,  Ya.  F.  Freimanis  and  G,  F.  Zakis 


Ketimines  are  rather  unstable  compounds  and  for  this  reason  have  been  investigated  comparatively  little  [1]. 
They  are  usually  prepared  by  heating  ketones  with  ammonia  in  a  sealed  tube,  or  by  passing  the  vapor  of  the  ketone 
and  ammonia  over  a  catalyst  [2].  Recently,  Balandin  and  Vasyunina  have  shown  [1]  that  simple  ketimines  are 
easily  prepared  by  catalytic  splitting  off  of  hydrogen  from  the  corresponding  primary  amines. 

Preparation  of  monoimines  of  3  -diketones  is  easy,  especially  by  heating  the  latter  with  excess  ammonium 
acetate  in  the  presence  of  a  small  amount  of  glacial  acetic  acid.  Under  these  conditions  one  of  the  keto  groups 
of  6  -diketones  easily  undergoes  transformation  into  the  ketimino  group: 


RCOCHjjCOR-r-CHaCOONHi  -)•  RCOCHgCR CH3COOH -h  HgO 

NH 

Recently  one  of  us  and  E.  Vanag  have  shown  [3]  that  under  these  conditions  2-nitroindandione-l,3  (I)  gives 
the  monoimine  (II).  In  contrast  to  many  other  ketimines,  nitroindandione  ketimine  proved  to  be  very  stable,  a 
fact  which  was  ascribed  to  the  existence  in  its  molecule  of  two  intramolecular  hydrogen  bonds  (III).  This  would 
also  explain  the  more  intense  color  of  the  imine  as  compared  with  that  of  the  starting  nitroindandione. 


CO 

C,H4<^  ^CHNOa  CeH4<^ 


CO 

(I) 


C=NH  C=N— H— O 

\cHNO2  CeH*/  \C=N^ 
CO  C=0--H^ 

(II)  (HI) 


In  view  of  this  it  was  of  interest  to  extend  the  investigation  to  several  otlier  2-substituted  indandiones-1,3. 
For  the  start  we  chose  2-phenylindandione-l,3.  This  compound  is  easily  accessible  and  has  recently  become  im¬ 
portant  as  a  valuable  blood  anticoagulant.'  On  heating  it  with  ammonium  acetate  in  glacial  acetic  acid  there  is 
formed,  in  almost  quantitative  yield,  the  red  phenylindandione  imine  (IV).  (Phenylindandione  itself  is  colorless, 
but  forms  colored  salts).  The  reaction  occurs  so  easily  that  even  traces  of  ammonium  acetate  added  to  a  reflux¬ 
ing  solution  of  phenylindandione  in  glacial  acetic  acid  produce  a  red  coloration. 


CO 

C6H4/  NcHCeHs 
C 


NH 

(IV) 


CO 

CeH4<^  \C-CeH6 


NHa 

(V) 


CO 

C,H4<^  \c-CeH5 

c 

I 

OMe 

(VI) 


The  imine  crystallizes  beautifully,  but  is  not  very  soluble  in  the  usual  organic  solvents,  especially  in  the 
cold.  It  dissolves  in  concentrated  sulfuric  acid  giving  a  colorless  solution;  on  dilution  of  the  latter  witli  water  the 
red  crystalline  imine  separates  again.  On  heating  with  mineral  acids  the  imine  is  hydrolyzed  to  phenylindandione. 
It  is  more  stable  toward  alkalis. 
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In  addition  to  the  ketitnino  form  (IV)  phenylindandione  imine  might  also  be  expected  to  exist  in  the  enamine 
form  (V).  The  problem  of  ketimine -enamine  tautomerism  of  similar  compounds  has  been  repeatedly  discussed  in 
the  literature  [4,  5],  but  has  so  far  not  found  an  unequivocal  solution.  The  enamine  form  would  provide  an  excellent 
explanation  for  the  intense  color  of  the  imine  since  it  conuins  a  conjugated  double  bond  system  identical  with  that 
present  in  the  salts  of  phenylindandione  (VI)  which  also  have  a  red  color.  However,  all  attempts  to  confirm  the 
presence  of  an  amino  group  were  unsuccessful.  The  compound  does  not  give  the  usual  reactions  for  primary  amines, 
apart  from  a  very  weak  carbylamine  reaction;  it  does  not  form  an  acetyl  derivative,  does  not  condense  with  phthalic 
anhydride  (a  method  by  which  it  is  possible  to  confirm  almost  any  primary  amino  group)  [6],  and  so  on.  From  this 
it  follows  that  the  imine  of  phenylindandione  exists  in  the  ketimino  form  (IV).  The  intense  color  of  the  imine  could 
be  explained  on  the  assumption  of  the  existence  of  the  enolic  form  (VII);  however,  the  compound  would  then  ex¬ 
hibit  an  acidic  character,  and  this  was  not  found  to  be  the  case.  The  color  might  also  be  explained  as  being  due 
to  the  presence  of  a  hydrogen  bond  as  in  the  structure  (VIII),  but  the  color  is  exhibited  also  by  the  phenylimine  or 
anil  of  phenylindandione  (DC,  R=  C^Hs)  (although  it  is  less  intense),  as  well  as  by  phenylindandione  isobutyl - 
imine  [XI,  R=  CH2CH(CHs)i  ],  and  neither  has  a  hydrogen  atom  attached  to  the  nitrogen.  The  problem  of  the 
color  of  phenylindandione  imine  as  well  as  of  some  other  derivatives  of  phenylindandione,  as  for  example,  of  its 
2-amino-derivatives  [7,  8]  will  have  to  be  solved  separately  when  the  absorption  spectra  of  these  compounds  have 
been  investigated. 


OH 


C-C*Hs 


II  \ 


CHChH. 


I.  II  / 

- H 


NH 

(VII) 


c=o 


^\/\ 

I  I’  ^CHCeHs 


-H 


(VIII) 


NR 

R  =  C,H.;  CH,CH(CH,i,* 
(IX) 


The  action  of  bromine  on  the  imine  (FV)  gives  2-bromo-2 -phenylindandione -1,3  (X)  in  almost  quantitative 
yield.  In  an  analogous  manner,  by  the  acticm  of  nitric  acid,  the  imino  group  is  easily  split  off  with  the  formation 
of  2-nitro-2-phenylindandione-l,3  (XI). 

/CO.  /CO. 

CeH4<^^^^CBrC6H5  CeH*/ ^^\C(N02)CeH5 

(X)  (XI) 

In  order  to  esublish  how  reactive  the  imino  group  is,  we  have  investigated  the  possibility  of  condensing  it 
with  malonic  acid  or  with  its  ester.  There  are  indications  in  the  literature  [9]  that  Schiff 's  bases  may  react  with 
malonic  ester  to  give  6 -aminoacids.  It  may  be  that  in  the  well-known  synthesis  of  6-aminoacids  (according  to 
Rodionov)  the  reaction  also  proceeds  through  a  stage  involving  the  addition  of  malonic  acid  to  the  imine  formed 
as  an  intermediate  product  [10].  However,  all  attempts  to  condense  malonic  ester  with  phenylindandione  imine 
faUed. 

Imines  also  add  on  niuomethane  under  certain  conditions  [11].  Phenylindandione  imine  easily  dissolves  in 
nitromethane  on  heating  and  crysuUizes  again  on  cooling  in  the  form  of  large  red  flakes.  After  prolonged  reflux¬ 
ing  of  the  solution,  even  in  the  presence  of  some  pyridine  or  piperidine,  the  imine  was  always  recovered  unchanged. 
This  shows  that  the  reactivity  of  the  ketimino  group  in  6  -diketones  is  not  great. 

Phenylindandione  imine  also  contains  a  free  carbonyl  group  and  it  was  of  interest  to  study  its  interaction  with 
hydroxylamine.  It  was  found  that  two  compounds  were  formed:  a  mono-  and  a  dioxime  of  phenylindandione. They 
could  be  separated  using  dichloroethane  in  which  the  dioxime  is  practically  insoluble  in  the  cold  while  the  monox* 
ime  dissolves  easily.  Phenylindandione  dioxime  (XII)  has  already  been  described  [12],  whereas  the  monoxime 
(Xin)  could  not  so  far  be  prepared.  When  phenylindandione  is  reacted  with  an  insufficient  quantity  of  hydroxyl¬ 
amine  only  the  dioxime  is  formed  and  some  of  the  diketone  remains  unreacted.  The  formation  of  the  monoxime 
was  confirmed  by  hydrolysis  of  the  compound  to  phenylindandione  and  hydroxylamine  as  well  as  by  transforming 
it  into  the  known  dioxime.  It  is  characteristic  of  both  the  monoxime  and  the  dioxime  that  after  drying  at  100* 
their  original  melting  points  are  changed,  without  the  compounds  having  undergone  a  change  in  composition.  This 


may  be  due  to  interconversion  of  the  syn-  and  anti -forms  of  these  oximes.  Both  the  monoxime  (XII)  and  the  di- 
oxlme  (XIII)  dissolve  in  alkali;  the  dioxime  gives  a  colorless  solution  and  the  monoxime  a  yellow  one  since  it 
can  also  exist  in  the  enolic  form  (XIV) .  The  monoxime  of  2-nitroindandione-l,3  undergoes  the  Beckmann  trans¬ 
formation  to  give  derivatives  of  isoquinoline  [13].  Tentative  experiments  show  that  a  similar  transformation  occurs 
also  In  the  case  of  the  monoxime  of  phenylindandione. 


C=:NOH 

C=NOH 

C=NOH 

CeH,<^CHCeH5 

C=NOH 

CeH4<^CHC6H5 

CO 

C«H4<^^CCeH5 

COH 

(XII) 

(XIII) 

(XIV) 

The  action  of  aniline  on  phenylindandione  imine  leads  to  a  slow  exchange  of  the  imino  group  by  the  phenyl- 
Imlno  group  to  give  the  phenylamine  (anil)  of  phenylindandione  (XV)  [14]. 

Reduction  of  phenylindandione  imine  in  acid  or  alkaline  medium  always  gave  products  which  did  not  con¬ 
tain  nitrogen. 
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Phenylindandione  easily  undergoes  oxidation  as  a  result  of  which  it  loses  its  active  hydrogen  atom  and  forms 
a  dimer  —  bisphenylindandione  (XVI)  [12].  All  attempts  to  prepare  an  Imine  of  this  dimer  failed:  even  after 
prolonged  refluxing  of  the  compound  (XVI)  with  ammonium  acetate  in  glacial  acetic  acid  it  could  be  recovered 
unchanged  almost  quantitatively.  We  also  failed  to  prepare  the  imine  of  2,2-dibenzylindandione-l,3  (XVII). 

From  this  it  follows  that  in  order  to  give  an  imine  by  interacting  with  ammonium  acetate  the  dlketone  must  con¬ 
tain  an  enolizable  hydrogen  atom;  ammonium  acetate  will  not  react  directly  with  a  keto  group.  The  mechanism 
of  this  reaction  may  therefore  be  pictured  as  follows :  ammonium  acetate  reacts  with  the  enolic  form  of  the  H  - 
-diketone  giving  the  enamine  (V).  The  latter  is  unstable  and  is  immediately  transformed  into  the  ketamine  (IV). 

The  monoimine  of  the  B  -diketone  does  not  enolize  as  easily;  for  example  it  does  not  dissolve  in  alkali.  Con¬ 
sequently,  the  second  keto  group  cannot  form  an  imine  under  these  conditions.  Hence  it  also  becomes  clear  why 
the  fl -diketone  gives  only  the  monoimine  on  reacting  with  ammonium  acetate. 

EXPERIMENTAL 

2-Phenvlindandione-1.3  imine  (IV).  5  g  of  phenylindandione  was  dissolved  by  heating  in  50  ml  of  glacial 

acetic  acid,  10  g  of  ammonium  acetate  was  added  and  the  mixture  was  refluxed  for  20-25  minutes.  The  solution 
assumed  a  red  color  and  became  viscous.  On  cooling  the  contents  of  the  flask  solidified  to  a  red  crystalline  mass. 

The  solid  which  separated  was  filtered  at  the  pump  and  washed  with  glacial  acetic  acid.  Yield,  4.2  g  (85%)  of 
compound  (IV),  m.p.  260*.  The  substance  was  recrystallized  from  glacial  acetic  acid  in  the  form  of  red  plates. 

Found  %:  N  6.25.  CisHnON.  Calculated  %:  N  6.33. 

The  imine  dissolves  in  pyridine  in  the  cold  and  can  be  dissolved  in  glacial  acetic  acid  and  in  nitrobenzene 
by  heating:  on  cooling  it  crystallizes  from  these  solvents  in  the  form  of  red  flakes;  it  is  sparingly  soluble  in  alco¬ 
hol.  It  does  not  dissolve  in  dilute  hydrochloric  acid  and  does  not  change  even  on  boiling  with  the  dilute  acid.  It 
dissolves  in  concentrated  hydrochloric  acid,  on  heating,  with  red  coloration  which  disappears  on  prolonged  heating 
with  the  formation  of  a  white  precipitate  of  phenylindandione,  m.p.  144*.  Mixture  of  this  precipitate  with  an  authen¬ 
tic  sample  of  phenylindandione  melted  without  depression.  Ammonia  is  evolved  from  the  filtrate  in  the  presence 
of  excess  alkali.  The  imine  does  not  dissolve  in  alkalis  even  on  boiling  and  no  ammonia  is  evolved.  On  prolonged 
heating  the  solution  assumes  an  orange  color.  On  the  other  hand,  alkaline  reducing  agents,  for  example,  sodium 
and  alcohol,  or  zinc  dust  and  caustic  soda,  easily  split  off  ammonia  from  the  compound. 

Bromination.  1  g  of  the  imine  was  suspended  in  10  ml  of  glacial  acetic  acid  and  a  solution  of  1  g  of  bro¬ 
mine  in  5  ml  of  glacial  acetic  acid  was  added.  Yield  of  2-bromo-2-phenyllndandlone-l,3  (X)  after  recrystalli- 
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zatioii  from  alcohol,  1.3  g  m.p.  104*.  Mixture  with  a  pure  sample  of  the  substance  melted  without  depression. 

Nitration.  To  a  suspension  of  the  imine  in  ether  was  added  dropwise,  with  heating  on  a  water-bath,  con- 
cenuated  niuic  acid  until  the  mixture  assumed  an  orange  color.  On  cooling  there  separated  colorless  crysuls, 
m.p.  122*.  Mixture  with  an  authentic  sample  of  2-nitro-2-phenylindandione-l,3  melted  without  depression. 

Found  N  5.23.  Ci5H,04N.  Calculated  N  5.24. 

Oximination.  To  10  g  of  phenylindandione  imine  dissolved  in  hot  glacial  acetic  acid  was  added  6.5  g  of 
hydroxylamine  hydrochloride  and  the  mixture  was  heated  until  the  solid  dissolved.  Heating  was  discontinued  and 
a  further  3.5  g  of  hydroxylamine  hydrochloride  was  added  and  the  mixture  was  shaken  until  the  orange  solution  no 
longer  changed  in  appearance.  On  pouring  the  solution  into  water  there  separated  a  light  pink  to  yellow  precipitate. 

Yield,  10.1  g.  The  dried  precipitate  was  shaken  several  times  with  dichloroethane  (150  ml  in  all).  Phenylindan¬ 
dione  dioxime  was  filtered  off.  After  two  recrystallizations  from  alcohol  and  drying  at  100*  the  substance  melted 
at  223-224*.  Mixture  with  a  pure  sample  of  the  dioxime,  prepared  from  phenylindandione  and  hydroxylamine  hy¬ 
drochloride  [12]  melted,  after  drying  at  100*,  without  depression. 

Found  N  10.95.  CisHuO^N,.  Calculated  N  11.11. 

The  filtrate  was  extracted  with  dilute  sodium  hydroxide.  The  orange  extract  was  acidified  with  hydrochloric 
acid  (1  ;  1)  with  cooling.  The  precipitate  of  phenylindandione  monoxime  which  separated  was  re  crystallized  from 
50  %  alcohol  followed  by  one  recrystallization  from  absolute  alcohol.  After  drying  in  air  the  substance  had  a  melt¬ 
ing  point  of  116-117*. 

Found  °]oi  N  5.78.  CjsHjjOjN.  Calculated  '’hi  N  5.91. 

Phenylindandione  monoxime  was  dried  at  100*.  M.  p.  152-153*. 

Found  %;  N  5.58.  CijHnOjN.  Calculated  'lot  N  5.91. 

Phenylindandione  monoxime  was  heated  with  hydrochloric  acid.  The  precipitate  of  phenylindandione  melted 
at  145*.  When  mixed  with  a  pure  sample  of  phenylindandione  it  did  not  depress  the  melting  point.  The  presence 
of  hydroxylamine  in  the  filtrate  was  confirmed  by  the  Bamberger  reaction  [15]. 

A  solution  of  the  monoxime  in  pyridine  was  heated  with  hydroxylamine  hydrochloride.  The  precipitate  of 
phenylindandione  dioxime  was  dried  at  100*  and  had  a  melting  point  of  223-224*  and  did  not  depress  the  melting 
point  when  mixed  with  pure  phenylindandione  dioxime. 

Found  loi  N  10.86.  CjsHijOiN,.  Calculated  N  11.11 

2-Phenvlindandione-1.3  phenylamine  (anil)  (XV).  A  mixture  of  5  g  of  (IV),  4.2  g  of  aniline  and  30  ml  of 
glacial  acetic  acid  was  refluxed  for  7  hours.  After  cooling  the  reaction  mixture  was  filtered,  the  red  crystals  were 
boiled  with  a  small  amount  of  glacial  acetic  acid  and  the  hot  solution  was  filtered.  Unreacted  phenylindandione 
imine  was  retained  on  the  filter  while  a  mixture  of  the  latter  and  phenylindandione  phenylimine  crystallized  from 
the  filtrate,  m.p.  206-2  07*.  Yield,  0.65  g.  After  two  recrystallizations  from  alcohol  the  melting  point  was  222*. 

On  heating  with  hydrochloric  acid  (1  :  1)  the  substance  decomposed  into  phenylindandione  and  aniline. 

Found  %:  N  4.80.  CzjHisON.  Calculated  %;  N  4.71. 

Phenylindandione  isobutylimine  [IX,  R=  CH,CiyCHO»1.  To  a  solution  of  2  g  of  phenylindandione  in  10  ml 
of  glacial  acetic  acid  was  added  0.8  g  of  isobutylamine.  The  solution  assumed  a  deep  red  color  and  on  cooling 
the  whole  solidified  to  a  crystalline  mass.  Yield,  1.4  g  of  orange -yellow  crystals.  After  recrystallization  from 
alcohol  followed  by  recrystallization  from  benzene  the  substance  melted  at  132*  and  was  found  to  be  an  adduct  of 
phenylindandione  isobutylimine  and  phenylindandione. 

Found  'ht  N  2.64.  CJ4H29OSN.  Calculated  N  2.80. 

The  substance  obtained  was  boiled  with  sodium  carbonate  solution.  Phenylindandione  passed  into  solution 
as  a  red-colored  salt,  while  phenylindandione  isobutylimine  formed  a  solid  residue.  After  recrystallization  from 
ethanol  the  orange  crysuls  melted  at  191*;  at  180*  the  substance  fused. 

Found  %  N  5.16.  CijH^ON.  Calculated  lot  N  5.05. 

On  heating  with  acids  phenylindandione  isobutylimine  easily  undergoes  hydrolysis  to  phenylindandione  and 
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isobutylamine;  It  is  stable  toward  alkalis.  It  can  be  brominated  and  nitrated  more  easily  than  phenylindandione 
imine. 

To  a  solution  of  phenylindandione  isobutylimine  in  glacial  acetic  acid  was  added  a  solution  of  bromine  also 
in  glacial  acetic  acid.  The  bromine  solution  was  decolorized  at  once.  After  dilution  widi  water  and  rectystalliza- 
tion  from  alcohol  white  crystals  of  2'>bromo-2-phenylindandione,  m.p.  104%  were  obtained.  Mixture  of  the  sub¬ 
stance  with  an  authentic  sample  melted  without  depression. 

SUMMARY 

1.  The  imine  of  2 -phenylindandione -1,3  was  prepared  easily  in  the  form  of  red  crystals  by  the  action  of 
ammonium  acetate  in  glacial  acetic  acid.  The  imine  is  stable  toward  alkalis  and  is  slowly  hydrolyzed  by  acids 
to  phenylindandione  and  ammonia.  The  imino  group  can  also  be  easily  split  off  by  bromination,  nitration  and 
reduction  of  the  imine,  with  the  formation  of  the  corresponding  derivatives  of  phenylindandione. 

2.  Treatment  of  phenylindandione  imine  with  hydroxylamine  gives  a  mixture  of  the  monoxime  and  the 
dioxime  of  phenylindandione. 

3.  The  ketimino  linkage  of  phenylindandione  imine  does  not  exhibit  any  great  reactivity. 
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REACTION  OF  HYDRAZINE  DERIVATIVES 
XV.  CYANOETHYLATION  OF  PYRAZOLINES 

A.  N.  Kost,  V.  V.  Ershov  and  S.  I.  Sutnlnov 


In  one  of  our  communications  [1]  we  have  pointed  out  that  the  interaction  of  acrylonitrile  with  pyrazolines 
proceeds  anomalously:  instead  of  the  cyanoethylation  reaction  there  takes  place  a  vigorous  polymerization  of 
acrylonitrile  initiated  by  free  radicals  formed  as  a  result  of  the  decomposition  of  pyrazolines.  In  order  to  effect 
the  cyanoethylation  of  pyrazolines  we  have  made  use  of  the  ability  of  6  -dimethylaminopropionitrlle  to  undergo 
transcyanoethyladon  reactions  [2,  3]  which  uke  place  under  comparatively  drastic  conditions  and  pass,  evidently, 
through  the  intermediate  stage  involving  the  splitting  off  of  acrylonitrile.  If,  on  the  other  hand,  salts  of  the  amino 
nitrile  are  used  instead  then  the  reaction  proceeds  with  greater  ease,  as  has  been  shown  in  the  case  of  the  inter¬ 
action  with  aromatic  amines,  and  the  process  takes  place  by  an  ionic  mechanism  [4]. 

It  was  found  that  no  reaction  took  place  on  heating  pyrazolines  (having  no  substituent  in  position  1)  with 
B  -dimethylaminopropionitrlle  up  to  200*.  However,  if  an  equivalent  amount  of  hydrogen  chloride  is  Introduced 
into  the  reaction  mixture  (for  example,  if  the  hydrochloride  of  either  the  pyrazoline  or  of  the  aminonitrile  is 
used)  it  is  possible  to  obuin  1 -( 3 -cyanoethyl) -pyrazolines  at  170*  in  yields  of  30-50  %. 


N  1/*^ 
HHCI 


(CH3)2NCH,CH2CN 


(I)  R=R''  =R"’=CH,i  R'=H 
(II)  R=R''  =H;  R'=C,H,;  R'"  =  CjH, 
(III)  R=R"'=CjH,;  R'  =  H:  R"=CH, 


(CH3)aNH  HCI 


IjCHaCN 


It  was,  of  course,  to  be  expected  that  under  the  influence  of  an  acidic  agent  the  cyanoethyl  group  would 
become  attached  to  a  carbon  atom  and  not  to  the  amino  group.  This  type  of  change  in  the  orientation  is  known 
in  the  case  of  indole  (in  alkaline  solution  cyanoethylation  occurs  at  position  1,  in  acid  solution  —  at  position  3 
[5]  ).  On  the  other  hand  there  are  indications  in  the  literature  [6]  that  the  hydrogen  atom  in  position  4  (attached 
to  a  carbon  atom)  in  pyrazolines  can  enter  into  substitution  and  condensation  reactions.  In  view  of  this  we  have 
synthesized  3,5-trimethyl -4-(6 -cyanoethyl)-pyrazollne  (IV)  in  which  the  6 -cyanoethyl  group  is  in  position  4.  It 
was  found  that  this  subsunce  differs  markedly  in  its  properties  from  the  isomeric  compound  (I). 


/  CH3-C-CH=C-CH3 

CH2CH2CN 


CHn-C-C=C-CH;, 
/  II  (VI)  I 
/  O  CHn 

**  I 

semicarbazone  ’ 
m.p.164'  l’*'"' 

CH2CH2CN 


CHXHoCN 


CH3-  -C-C-C(CH3)=CH2 
II  I  (VII) 

O  CH2CH2CN 

CH2CH2CN 


CH2CH2CN 

^  I 

CH3-C— CH-C=CH2 


N,H,  semicarbazone 
I  m,p.  108* 


II 

H 

(IV) 


.  /\/CH3 

CH3 


CH2CH2CN 
CH3-C— (!:h-c=ch2 
iInHs  CH3 
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(IX) 


(VIII) 


In  order  to  prepare  compound  (IV)  we  have  cyanoethylated  mesityl  oxide  and  obuined  two  mononitriles 
(V  and  VI)  and  one  dinitrile  (VII).  The  structure  of  the  dinitrile  (VII),the  formation  of  which  involves  a  shift  of 
the  double  bond,  was  proved  earlier  [7].  As  regards  the  nitriles  (V)  and  (VI)  which  are  the  products  of  monocyano- 
ethylation,  these  have  been  obtained  previously  only  in  very  small  quantities  in  admixture  with  each  other  and 
have  not  been  characterized. 

Our  results  show  that  when  cyanoethylation  is  carried  out  with  acrylonitrile  (using  sodium  ethoxide  as  catalyst) 
in  excess  of  mesityl  oxide,  the  mixture  of  the  two  mononitriles  (V  and  VI)  is  obtained  in  57  °lo  yield.  These  nitriles 
differ  markedly  in  their  physical  constants  and  also  give  different  semicarbazones.  One  of  the  nitriles  had  the 
structure  of  y -acetyl -y  -isopropylidenebutyronitrile  (VI),  i.e.  it  contains  a  conjugated  system  as  is  confirmed  by 
the  fact  that  on  interacting  with  hydrazine  hydrate  it  is  easily  transformed  into  the  pyrazoline  (IV).  The  second 
nittile  has  the  structure  of  y  -acetyl -y  -isopropenylbutyronitrile  (V)  in  which  there  is  no  conjugated  system.  On 
interacting  with  hydrazine  hydrate  it  gives  only  the  hydrazone  (VIII)  which  easily  splits  off  hydrazine  (in  the  cold) 
under  the  action  of  hydrochloric  acid  or  benzaldehyde.  In  contrast,  the  pyrazoline  (IV)  is  not  decomposed  by  hydro¬ 
chloric  acid  and  does  not  react  with  benzaldehyde.  Under  conditions  of  the  Wolff -Kishner  reaction  it  gave  1,1,3- 
-trimethyl-2-(6  -cyanoethyl) -cyclopropane  (IX). 

It  might  have  been  assumed  that  one  of  the  ketonitriles  (V  or  VI)  would  be  a  monocyanoethyl -derivative  in 
which  the  cyanoethyl  group  vtrould  be  attached  to  one  of  the  methyl  groups  in  mesityl  oxide;  however  this  is  not 
the  case  since  on  further  cyanoethylation  both  these  nitriles  give  one  and  the  same  dinitrile  (VII)  of  known  stmc- 
ture. 

EXPERIMENTAL 

l-(6  -Cvanoethvl)-3.5.5-trimethylpyrazoline  (I).  A  mixture  of  20  g  of  3,5,5-trimethylpyrazoline  hydrochlor¬ 
ide  and  20  g  of  fi -dimethylaminopropionitrile  was  refluxed  at  170*  for  1-1/4  hour  with  occasional  shaking.  After 
cooling  the  reaction  mixture  was  made  alkaline  with  40  %  sodium  hydroxide,  extracted  with  ether  three  times  after 
which  the  ether  was  removed  and  the  residue  distilled  in  vacuo  in  a  current  of  nitrogen.  After  two  distillations 
there  was  obtained  10.3  g  (47,9  °]o)  of  compound  (I). 

B.p,  115-116*  (7  mm);  ng  1,4718,  df  0,9698,  MRp  47.73;  calculated  47.62. 

Found  %:  C  65.56,  65.59;  H  9.27,  9.32.  C9H15N3.  Calculated  C  65.42;  H  9.15. 

When  the  reaction  was  carried  out  in  p-xylene  as  solvent  (refluxing  for  5  hours)  the  yield  dropped  to  18  % 
Shorter  refluxing  time  reduces  the  yield  still  further.  When  the  free  bases  were  heated  together  at  200*  for  5  hours 
no  reaction  occurred  and  the  orginal  compounds  could  be  recovered  quantitatively, 

1-(B  -Cyanoethvl)-4-ethvl-5-propvlpvrazoline  (II)  was  obtained  from  40  g  of  4-ethyl -5 -propylpyrazoline 
hydrochloride  [8]  and  40  g  of  fi -dimethylaminopropionitrile  in  a  manner  similar  to  the  one  described  in  the  fore¬ 
going  preparation.  Yield,  21.6  g  (46%). 

B.  p.  129*  (6  mm),  ng  1,4739,  df  0.9509,  MR^  56.98;  calculated  56.86. 

Found  %;  C  68.34,  68.60;  H  10.07,  10.19.  CuHigNj.  Calculated  %;  C  68.35;  H  9.91. 

l-(fi -Cyanoethyl)-5-methyl-3.5-diethylpyrazoline  (III).  This  compound  was  obtained  in  a  similar  manner 
from  34  g  of  5-methyl -3,5-diethylpyrazoline  hydrochloride  [9]  and  40  g  of  fi -dimethylaminopropionitrile  by  re¬ 
fluxing  the  mixture  for  one  hour  with  good  stirring.  Yield,  10.2  g  (28  %). 

B.  p.  122-123.5*  (5  mm),  ng  1.4773,  df  0.9615,  MRp  56.83;  calculated  56.86. 

Found  %:  C  68.40,  68.27;  H  10.08,  10.16.  CuH^^Ns,  Calculated  %  C  68.35;  H  9.91. 

Cyanoethylation  of  mesityl  oxide.  Mesityl  oxide  was  washed  with  2  N  sodium  carbonate,  and  water,  and 
was  dried  and  distilled.  To  392  g  of  freshly  prepared  mesityl  oxide  was  added  sodium  ethoxide  (0.5  g  of  metallic 
sodium  in  10  ml  of  anhydrous  alcohol).  The  mixture  was  then  cooled  in  ice  and  53  g  of  acrylonitrile  was  intro¬ 
duced  dropwise,  with  vigorous  stirring,  at  such  a  rate  as  to  keep  the  temperature  of  the  reaction  mixture  below 
8-10*.  When  all  the  acrylonitrile  was  added  stirring  was  continued  for  1/  2  hour  with  cooling,  followed  by  stirring 
for  2  hours  at  room  temperature.  The  mixture  was  then  acidified  with  2  N  hydrochloric  acid,  washed  carefully 
with  water  until  neutral,  dried  and  distilled  in  vacuo. 
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After  fractional  distillation  there  was  obtained  34.7  g  (23  °h)  of  compound  (V). 

B.  p.  79-80*  (1  mm),  ng  1.4592,  d*®  0.9572,  MRp  43.20;  calculated  43.12. 

The  semlcarbazone  melts  at  108*  (from  aqueous  alcohol). 

Found  "fcs  C  57.77,  57.86;  H  7.48,  7.56.  C10HUON4.  Calculated  C  57.67;  H  7.74. 


In  addition  to  compound  (V)  there  was  obtained  51.3  g  (34  oi  y  -acetyl -y-isoprop)rlidenebutyronitrile(VO 
B.  p.  88.5-90*  (1.5  mm),  ng  1.4780,  df  0.9825,  MRp  43.56;  calculated  43.12;  EMp  0.44. 

Found  %!  C  71.60,  71.69;  H  8.81,  8.93.  C,HuON.  Calculated  %  C  71.48;  H  8.66. 

The  semlcarbazone  melts  at  164*  (from  aqueous  alcohol). 

Found  %  C  57.83,  57.94;  H  7.40,  7.51.  CmHuON4.  Calculated  ’U  C  57.67;  H  7.74. 


When  the  reaction  was  carried  out  using  a  larger  excess  of  mesityl  oxide  there  was  no  increase  in  the  yield 
of  monocyanoethyl-derlvatives  while  with  reduced  proportions  of  the  reactants  there  formed  considerable  amounts 
of  dicyanoethyl -derivatives  with  a  simultaneous  reduction  in  the  yields  of  Ae  ketonitrlles  (V)  and  (VI). 

Y  -A cetyl -Y  -isopropenylpimelonitrile  (VII).  To  5  g  of  the  ketonitrile  (V)  was  added  3  g  of  acrylonitrile  in 
the  presence  of  sodium  ethoxide.  The  reaction  took  place  with  evolution  of  heat.  The  crystals  which  separated 
were  recrystallized  from  methanol.  Yield,  4.7  g  m.p.  116*  [7].  Under  the  same  conditions  the  ketonitrile 

(VI)  also  forms  compound  (VII).  No  melting  point  depression  could  be  observed  for  the  mixture  of  the  ketonitriles 

(VII)  obtained  in  each  case. 


3.5.5-Trimethyl -4-<B  -cyanoethyp-pyrazoline  (FV).  To  a  solution  of  15  g  of  hydrazine  hydrate  in  20  ml  of 
alcohol  was  added  gradually  35.7  g  of  the  ketonitrile  (VI).  The  mixture  was  refluxed  for  1-1/  2  hours  and  was  then 
distilled  in  vacuo  in  a  current  of  nitrogen.  Yield,  28  g  (66  %). 

B.  p.  132-134*  ( 4  mm),  ng  1.4920,  df  1.0201,  MRp  46.99?  calculated  47.25. 

The  pyrazoline  is  very  unstable.  It  does  not  react  with  benzaldehyde.  In  anhydrous  benzene  solution  it  re¬ 
acts  with  methyl  iodide  to  give  the  methiodide,  m.p.  182*  (from  absolute  alcohol). 

Found  %  C  38.88,  38.96;  H  6.07,  6.09;  N  13.88,  13.96.  CioHuN,!.  Calculated  ‘fe  C  39.09;  H  5.90; 

N  13.72. 

Under  similar  conditions  the  ketonitrile  (V)  forms  the  hydrazone  (VIII). 

B.  p.  126*  (3  mm),  ng  1.4978,  df  0.9867,  MRp  49.18;  calculated  49.06. 

The  hydrazone  (VIE)  reacts  with  benzaldehyde  with  strong  evolution  of  heat  to  give  benzalazine  in  almost 
quantiutive  yield,  the  latter  having  an  m.p.  of  93*. 

l,1.3-Trimethyl-2-(fl  -cyanoethyl) -cyclopropane  (IX).  21  g  of  freshly  prepared  pyrazoline  (IV)  was  heated 
with  finely  divided  platinum  and  caustic  potash  conuining  a  trace  of  silver.  The  reaction  occurred  with  vigorous 
evolution  of  nitrogen.  The  contents  of  the  flask  were  distilled  collecting  the  fraction  up  to  220*  which  was  sub¬ 
sequently  fractionated  in  vacuo.  Yield  of  compound  (IX),  7.3  g  (40*1^). 

B.  p.  67-68.5*  (7  mm),  ng  1.4814,  df  0.9281,  MRp  42.11;  calculated  42.08. 

Found  %s  N  10.39,  10.50.  CjH^N.  Calculated  °k  N  10.22. 


SUMMARY 

1.  It  has  been  found  that  pyrazolines  may  be  cyanoethylated  in  position  1  provided  8  -dimethylaminopro- 
pionitrile,  instead  of  acrylonitrile,  is  used  with  some  hydrogen  chloride. 

2.  A  pyrazoline  containing  the  8 -cyanoethyl  group  in  position  4  has  been  prepared.  The  structure  of  mono 
cyanoethyl -derivatives  of  mesityl  oxide  has  been  established. 
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SYNTHESES  AND  TRANSFORMATIONS  OF  PYRIMIDINE  DERIVATIVES 


IX,  SULFO-E«RIVATIVES  OF  CYTOSINE,  4-METHYLCYTOSINE  AND  URACIL 
N,  V.  Khromov -Borisov  and  R.  S.  Karlinskaya 


Among  5-sulfo-derivatives  of  pyrimidine  which  we  have  recently  described  [1],  some  have  been  found  to 
exhibit  a  cytostatic  action  on  blood  as  demonstrated  in  experiments  with  animals  [2];  this  renders  the  compounds 
interesting  as  possible  therapeutic  agents  in  leukemia  —  a  serious  disease  of  the  blood.  In  our  communication 
(V)  it  was  shown  [1]  that  the  action  of  chlorosulfonic  acid  on  pyrimidine  derivatives  having  two  electron -donor 
substituents  in  positions  2,  4,  and  to  a  lesser  degree  those  having  these  substituents  in  position  6,  provides  an  ex¬ 
cellent  method  of  preparation  of  the  corresponding  pyrimidine -5 -sulfonic  acids  (III). 


li  I— SO,HCl 

R3\  Ns 

1  N  ^ 

N 

*’  1!  N 
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CISO2  1  \ 
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\  R2 

(I) 

(11) 
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It  was  also  found  that  in  the  majority  of  cases  it  was  impossible  to  establish  the  formation  of  chlorosulfonates 
(II)  as  intermediate  products  of  the  reaction.  Only  in  one  case  (I,  Rj  =  Rs  =  NH2;  R2  =  CH3)  was  a  chlorosulfo- 
nate  obtained  (II,  Rj  =  R3  =  NHj;  R2  =  CH3),  which  hydrolyzed  in  aqueous  acid  solution  to  give  the  correspond¬ 
ing  sulfonic  acid  (III,  Rj  =  R3  =  NHj;  Rj  =  CH3).  ^ 

In  the  present  work  we  investigated  the  interaction  of  chlorosulfonic  acid  with  cytosine  (I,  Rj  =  OH;  R2=  H, 

R3  =  NH2),  4-methylcytosine  (I,  Rj  =  OH;  Rj  =  CH3;  R3  =  NH2)  and  uracil  (Rj  =  R3  =  OH;  Rj  =  H).  In  the 
case  of  the  first  two  compounds  the  corresponding  sulfonic  acids  (III)  were  obtained  with  ease.  The  reaction  took 
place  at  100-110*  and  no  chlorosulfonates  (II)  could  be  detected  as  intermediate  products.  The  resulting  sulfonic 
acids  are  white  crystalline  substances  which  dissolve  easily  in  strong  alkalis  as  well  as  in  alkaline  carbonates,  but 
are  difficultly  soluble  in  water.  We  have  also  prepared  the  sodium  salts  of  these  acids.  The  salts  are  easily  so¬ 
luble  in  water  and  possess  the  characteristic  property  of  efflorescing  on  being  heated  on  a  metallic  foil. 

In  the  case  of  the  interaction  of  chlorosulfonic  acid  with  uracil  the  reaction  takes  a  different  course.  The 
optimum  reaction  temperature  in  this  case  is  100-110*.  However,  the  final  product  is  not  the  sulfonic  acid  (III), 
but  its  chloride  (II,  Rj  =  R3  =  OH;  R2  =  H).  This  compound  has  been  obtained  previously  as  an  intermediate 
product  in  the  synthesis  of  5,5’-uracil-disulfide  [3],  but  was  not  characterized  at  that  time.  In  addition,  the  author 
of  the  paper  cited  stated  erroneously  that  chlorosulfonation  of  uracil  should  not  be  carried  out  at  temperatures  above 
40*.  The  chloride  of  2,6 -dihydroxypyrimidine -5 -sulfonic  acid  can  be  isolated  after  chlorosulfonation  only  when 
the  cooled  reaction  mixture  is  poured  into  a  definite  amount  of  ice  (see  Experimental)  and  the  precipitate  which 
forms  is  immediately  separated  from  the  acid  solution.  The  substance  is  obtained  in  the  form  of  a  fine  white 
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powder  (when  moist  the  substance  exhibits  a  characteristic  glitter  similar  to  that  of  mother  -of -pearl)  and  is  found 
to  be  very  reactive.  It  does  not  change  on  being  heated  up  to  260*,  but  decomposes  at  260-270*.  It  is  markedly 
soluble  in  cold  water,  and  slightly  soluble  in  alcohol  and  acetone.  On  interacting  with  alcoholic  ammonia  in  the 
cold  it  is  transformed  into  2,6 -dihydroxypyrimidine -5 -sulfonamide  (IV,  Rj  =  Rs  =  OH;  Rj  =  H).  In  aqueous  so¬ 
dium  carbonate,  in  the  cold,  or  on  being  heated  in  acetic  acid  in  the  presence  of  sodium  acetate,  it  forms  the 
sodium  salt  of  2,6 -dihydroxypyrimidine -5 -sulfonic  acid  which,  after  re  crystallization  from  water,  is  obtained  as 
a  crystalline  substance  containing  one  molecule  of  water  of  crystallization.  On  being  heated  on  a  metal  foil  the 
salt  effloresces.  Its  aqueous  solution  is  neutral. 

In  the  presence  of  mineral  acids  2,6-dihydroxypyrimidine-5-chlorosulfonate  is  very  easily  transformed  into 
uracil.  Thus,  for  example,  if  the  reaction  mixture  is  poured  on  ice  and  the  resultant  solution  is  then  allowed  to 
stand  for  some  time,  the  chlorosulfonate  is  completely  transformed  into  uracil.  When  attempts  were  made  to  re¬ 
crystallize  the  chlorosulfonate  from  water  the  substance  again  changed  into  uracil.  In  this  respect  the  chlorosul- 
fonate  differs  from  2,6-diamino-4-methylpyrimidine-5-chlorosulfonate  which  under  analogous  conditions  does 
not  change  into  2,6-diamino-4-methylpyrimidine,  but  into  the  corresponding  sulfonic  acid. 

Uracil -5 -sulfonic  acid  is  considerably  more  stable  in  mineral  acid  solutions  than  is  uracil -5-chlorosulfonate. 
When  sodium  uracil -5 -sulfonate  is  heated  with  10%  aqueous  hydrochloric  acid  traces  of  SQ|"  ions  appear  only 
after  2  hours. 


EXPERIMENTAL 

2 -Hydroxy -6 -a mino -4-methyl -5 -sulf opy rimidine .  2.0  g  of  2-hydroxy-6-amino-4-methylpyrimidine[4]  was 
added  gradually  to  Bmlof  chlorosulfonic  acid  which  had  been  heated  to  110*.  The  temperature  of  the  reaction 
mixture  was  kept  between  110  and  120*.  10  minutes  after  the  end  of  the  reaction  the  mixture  was  poured  into 
40  g  of  ice  with  good  external  cooling.  The  next  day  the  greyish-white  precipitate  was  filtered  off  and  washed 
with  water.  Yield,  2.0  g  (60  %).  After  recrystallization  from  water  the  substance  melted  at  290-291". 

Found  %:  S  16.1,  16.0;  N  20.2,  20.4.  C5H7O4N3S.  Calculated  %;  S  15.6;  N  20.4. 

On  addition  of  excess  sodium  acetate  to  the  solution  obtained  after  the  reaction  mixture  was  poured  on  ice, 
the  sulfonic  acid  separated  in  the  form  of  its  sodium  salt  which  is  more  soluble  in  water  than  the  free  acid.  M.  p. 
273*. 

2-Hvdroxv-6-amino-5-sulfopvrimidine.  2.0  g  of  cytosine  [5]  was  added  in  portions,  with  stirring,  to  10  ml 
of  chlorosulfonic  acid  heated  to  110*.  The  reaction  mixture  was  then  poured  into  30  g  of  ice  with  good  external 
cooling.  The  white  crystalline  percipitate  was  filtered  off  and  washed  with  water.  Yield,  1.5  g  (44  %).  The  sub¬ 
stance  was  recrystallized  from  water. 

Found  %:  N  21.9,  21.8.  C4H5O4N3S.  Calculated  %:  N  21.9. 

1.95  g  of  5-sulfocytosine  was  treated  with  a  solution  of  0.2  g  of  sodium  hydroxide  in  10  ml  of  water  and  the 
mixture  was  evaporated  to  dryness.  The  residue  was  recrystallized  from  water  with  charcoal. 

Found  %:  Na  10.5;  S  14.9.  C4H404N3SNa.  Calculated  %:  Na  10.7;  S  15.0. 

The  action  of  chlorosulfonic  acid  on  uracil,  a)  Preparation  of  uracil -5 -chlorosulfonate.  6  g  of  uracil  [6] 
was  added  gradually  with  stirring  to  chlorosulfonic  acid  (24  ml)  which  had  been  heated  to  100-110*.  The  mixture 
was  then  poured  into  180  g  of  ice,  with  external  cooling.  The  white  precipitate  of  the  chlorosulfonate  which 
separated  was  filtered  off  after  10  minutes,  washed  once  with  ice -water,  treated  several  times  with  cooled  alcohol 
(until  the  filtrate  was  free  of  SO4  ions)  and  finally  washed  with  ether.  The  substance  was  dried  in  air  or  in  a  desicca' 
tor.  Yield,  3.0  g  (25  %). 

Found  %;  a  15.8,  15.8.  C4H304N2as  •  HjO.  Calculated  %;  Q  15.6. 

If  the  precipitate  of  uracil -5 -chlorosulfonate  is  left  in  the  acid  solution  (after  pouring  the  reaction  mixture 
into  ice)  for  several  hours,  the  compound  undergoes  transformation  into  uracil. 

b)  Transformation  of  uracil -5 -chlorosulfonate  into  uracil.  When  attempts  were  made  to  recrystallize  uracil - 
-5-chlorosulfonate  from  water  the  substance  changed  into  a  white  crystalline  material  which  contained  no  chlorine 
or  sulfur.  It  was  identified  as  uracil. 
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Found  N  24.8,  24.9.  QHPjNj.  Calculated  'fe  N  25.0. 

c)  Preparation  of  uracil -5 -sulfonamide.  2  g  of  uracil  was  sulfonated  with  chlorosulfonic  acid  (see  above), 
the  chlorosulfonate  which  formed  was  filtered  off,  washed  once  with  ice -water,  once  with  alcohol  and  was  at  once 
treated  with  excess  of  saturated  alcoholic  ammonia  solution  (10  ml)  at  room  temperature.  After  three  hours  the 
white  crystalline  precipitate  of  the  sulfonamide  was  filtered  off  and  washed  with  alcohol.  Yield,  1.0  g  (30  %). 

The  substance  is  soluble  in  water  and  can  be  recrystallized  from  it.  It  is  insoluble  in  alcohol  and  does  not  change 
on  heating  to  300*. 

Found  N  21.6,  21.7;  S  17.0,  16.9.  C4H5O4N5S.  Calculated  lot  N  21.9;  S  16.9. 

d)  Preparation  of  sodium  uracil -5 -sulfonate. 

1)  Uracil -5 -chlorosulfonate  (3.0  g)  was  dissolved  in  30  ml  of  a  10  °lo  sodium  carbonate  solution  (with  efferve¬ 
scence  and  foaming).  The  solution  was  evaporated  to  dryness  and  the  residue  recrystallized  from  water  with  char¬ 
coal.  Yield  of  the  sodium  salt,  2.2  g  (73  %  calculated  on  the  chlorosulfonate). 

2)  Uracil-5-chlorosulfonate,  obtained  from  4  g  of  uracil,  was  washed  once  with  water  and  twice  with  alcohol 
and  dissolved  in  a  minimum  amount  of  water.  To  this  solution  was  added  excess  of  sodium  acetate  and  5  ml  of 
glacial  acetic  acid.  The  solution  was  heated  on  a  water  bath  for  45  minutes  and  was  then  evaporated  to  dryness. 
The  residue  was  recrystallized  from  water  with  charcoal.  Yield  of  the  sodium  salt,  1.0  g  (17  °Jo,  calculated  on  the 
uracil). 

Found  HjO  7.3;  N  12.4,  12.0;  S  14.0,  13.9,  14.1;  Na  10.0,  9.9.  C4H305NjSNa  •  HjO.  Calculated  %: 

H,0  7.7;  N  12.2;  S  13.9;  Na  9.9. 

The  action  of  hydrochloric  acid  on  sodium  uracil -5 -sulfonate.  The  salt  was  heated  with  10  °Io  aqueous  hy¬ 
drochloric  acid  to  which  had  been  added  some  2  %  barium  acetate  solution.  After  2  hours  heating  the  solution 
became  turbid  (precipitation  of  barium  sulfate). 


SUMMARY 

1.  The  action  of  chlorosulfonic  acid  on  cytosine  and  on  4-methylcytosine  gives,  respectively,  2-hydroxy- 
-6-aminopyrimidine-5-  and  2-hydroxy-6-amino-4-methylpyrimidihe-5-sulfonic  acids.  The  sodium  salts  ofboth 
sulfonic  acids  have  also  been  prepared. 

2.  It  has  been  shown  that  the  Interaction  of  uracil  with  chlorosulfonic  acid  results  in  the  formation  of  uracil- 
-5 -chlorosulfonate  as  the  primary  product. 

3.  When  acted  upon  by  ammonia,  uracil -5 -chlorosulfonate  is  transformed  into  uracil -5 -sulfonamide. 

4.  Treatment  of  uracil -5 -chlorosulfonate  with  sodium  carbonate  or  sodium  acetate  solution  gives  the  so¬ 
dium  salt  of  uracil -5 -sulfonic  acid.  ' 

5.  Under  the  action  of  aqueous  mineral  acids  uracil -5 -chlorosulfonate  is  transformed  into  uracil. 

6.  Uracil-5-sulfonic  acid  is  fairly  stable  in  acid  solutions,  in  conuast  to  uracil -5-chlorosulfonate. 
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REACTION  PRODUCTS  OF  EPICHLOROHYDRIN  WITH  AROMATIC  AMINES 


II.  1.  2.  3,  4-TETRAHYDRO-3-HYDROXY-7.8-BENZOQUINOLINE 
N,  N.  Vorozhtsov,  Jr.  and  S.  I.  Kutkevichus 


The  reactions  of  the  1,  2,  3,  4-tetrahydro-3-hydroxy  derivatives  of  quinoline,  the  same  as  of  the  3-hydroxy 
derivatives  of  piperidine,  have  been  studied  but  slightly  up  to  now.  We  investigated  some  of  the  reactions  of 
this  group  of  compounds  using  the  comparatively  available  1,  2,  3,  4-tetrahydro-3-hydroxy-7,8-benzoquino- 
line  (I). 

Benzoylation  of  (I)  with  an  equimolar  amount  of  benzoyl  chloride  in  pyridine  yields  the  Obenzoyl  de¬ 
rivative  (II,  R  =  C8H5C0).  The  structure  of  this  compound  is  shown  by  the  fact  that  it  retains  the  basic  properties 
of  the  original  hydroxy  amine  and  forms  a  crystalline  hydrochloride.  The  treatment  of  (I)  with  excess  benzoyl 
chloride  (also  in  pyridine)  gave  the  O,  N-dibenzoyl  derivative  (III,  R  =  R’=CjH6CO),which  is  lacking  in  basic 
properties. 

The  benzylation  of  (I)  with  benzyl  chloride  in  the  presence  of  sodium  hydroxide  yields  the  Obenzyl 
ether  (II,  R  =  C0H5CH2),  Its  structure  was  shown  by  the  fact  that  the  benzoyl  derivative  obtained  from  it  does 
not  possess  basic  properties  and,  consequently,  can  be  only  1,  2,  3,  4-tetrahydro-3-benzyloxy-N-benzoyl-7, 
8-benzoquinoline  (III,  R  =  CeH5CH2,  R’=C(H6CO). 
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The  predominant  reactivity  of  the  hydroxyl  group  in  (I)  is  in  agreement  with  the  data,  obtained  by  P.P, 
Shorygin  and  V,  N.  Belov  in  studying  the  reactions  of  the  hydroxyethyl  derivatives  of  aniline  [1]  and,  possibly, 
is  due  to  the  low  basicity  of  the  secondary  amino  group,  linked  to  the  aromatic  ring,  and  also  possibly,  due  to 
the  sterically  hindered  nitrogen  atom. 

To  obtain  the  corresponding  keto  compound  —  1,  2,  3,  4-tetrahydro-3-oxo-7,8-benzoquinoline  —  from 
(I)  we  oxidized  (I)  by  the  Oppenauer  technique  [2].  It  is  indicated  in  the  literature  that  whereas  the  1,2-amino 
alcohols  are  frequently  not  amenable  to  Oppenauer  oxidation,  the  1,2-anilino  alcohols  are  oxidized  by  this 
method  to  the  corresponding  keto  compounds  [  3].  The  oxidation  went  quite  smoothly  when  (I)  was  heated  with 
aluminum  phenolate  and  excess  cyclohexanone  in  toluene.  However,  the  oxidation  product  (m.p.  209.1  —  209.5*) 
did  not  show  the  properties  of  a  ketone.  For  a  ketone  having  the  structure  of  (IV)  the  solubility  in  alkali  is  also 
not  understood ,  nor  is  the  ability  of  the  benzoyl  derivative  to  form  a  hydrochloride.  The  reactions  and  analysis 
of  the  product  obtained  by  us  correspond  to  3-hydroxy- 7, 8-benzoquinoline  (VI),  only  the  melting  point  is  some¬ 
what  higher  than  that  given  in  the  literature  (201  -■  203*)  [4].  However,  the  3-hydroxy- 7, 8-benzoquinoline 
obtained  by  us  using  the  method  described  in  the  literature  (dehydrogenation  of  (I)  with  phenol  in  the  presence 
of  Raney-Ni),  after  recrystallization  from  CHjOH,  melted  at  practically  the  same  temperature  (208.5  -  209*) 
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as  the  product  obtained  by  the  Oppenauer  method.  The  identity  of  the  product  obtained  by  Oppenauer  oxidation 
with  3-hydroxy- 7, 8- benzoquinoline  was  shown  by  the  fact  that  the  mixed  melting  point  was  not  depressed. 

The  somewhat  unexpected  cleavage  of  4  hydrogen  atoms  in  the  oxidation  of  the  alcohol  by  the  Oppenauer 
method  (to  the  best  of  our  knowledge  not  reported  before)  is  evidently  explained  by  the  fact  that  the  initially 
formed  ketone  (IV)  is  tautomeric  with  1,2- dihydro- 3-hydroxy- 7, 8- benzoquinoline  (V),  or  with  the  corresponding 
1,4-dihydro  derivative.  The  dihydro  derivative  of  the  quinoline  then  undergoes  disproportionation  to  yield  the 
corresponding  quinoline  and  its  tetrahydro  derivative  —  in  our  case  3-hydroxy- 7, 8-benzoquinoline  and  the  starting 
alcohol  (I)  (which  then  undergoes  iiirther  oxidation). 


EXPERIMENTAL 

1,  2,  3,  4-Tetrai’;,  *;  'j-3-hydroxy- 7, 8-benzoquinoline  (I).  The  preparation  of  (I)  by  the  cyclization  of 
N-(y-chloro-6-hydroxypropyl)-l-naphthylamine  was  described  earlie  [5],  (I)  can  be  obtained  more  simply 
by  the  direct  reaction  of  epichlorohydrin  with  1-naphthylamine  [4],  A  mixture  of  14.3  g  of  l"naphthylamine, 

9,3  g  of  epichlorohydrin  and  12.5  ml  of  chlorobenzene  was  heated  at  135  -  145*  for  8  hours.  After  cooling  to 
30  -  40*  the  (I)  hydrochloride  was  filtered  and  washed  with  chlorobenzene.  Yield  11.4  g  (48.2‘7(),  M.p.  245*. 

The  yield  of  the  hydrochloride  can  be  raised  somewhat  (up  to  58.6<7i)  if  before  adding  the  chlorobenzene  and 
heating  the  mixture  of  1-naphthylamine  and  epichlorohydrin  is  kept  at  room  temperature  for  a  long  time 
(14  days). 

The  free  base  (I)  is  conveniently  obtained  from  the  hydrochloride  by  dissolving  the  latter  in  1.25  parts 
of  pyridine  at  70  -  80*.  followed  by  dilution  of  the  hot  solution  with  2  parts  of  water.  Recrystallization  from 
chlorobenzene  gave  colorless  needles  with  m.p.  151.9  - 152.2*.  The  literature  gives  m.p.  152*  [4], 

Found  C  78.4,  78.2;  H  6.7,  6.6;  N  7.1,  7.2. 

CisHiPN.  Calc.  ‘74  C  78.4;  H  6.6;  N  7.0. 

1,  2.  3.  4-Tetrahydro-3-hvdroxv-7. 8-benzoquinoline  Benzoate.  To  a  solution  of  2,0  g  of  1,  2,  3,  4-tetra- 
hydro- 3-hydroxy- 7, 8-benzoquinoline  (I)  in  10  ml  of  pyridine  was  added  with  stirring  1.7  g  of  benzoyl  chloride 
in  drops.  The  reaction  mass  was  heated  on  a  boiling  water  bath  for  30  minutes.  The  mass  after  cooling  was 
diluted  with  250  ml  of  water  with  stirring.  The  viscous  product,  after  decanting  the  upper  water  layer  and  washing 
with  water,  was  dried  and  treated  with  8  ml  of  methyl  alcohol.  The  insoluble  1,  2,  3,  4-tetrahydro-3-hydroxy-7, 
8-benzoquinoline  (0.32  g)  was  filtered.  The  residue,  obtained  after  evaporating  the  methyl  alcohol  from  the 
filtrate  in  a  desiccator,  was  recrystallized  from  methyl  alcdiol:  colorless  plates,  m.p.  124.7  -  125*. 

Found  <7fls  C  79.0,  79.0;  H  5.7,  5.8;  N  4.8,  4.8. 

C»HnO|N.  Calc,  ojoi  C  79.2;  H  5.7;  N  4.6. 

1,  2,  3,  4-Tetrahydro- 3-hydroxy- 7, 8-benzoquinoline  Benzoate  Hydrochloride.  A  solution  of  0,6  g  of 

l,  2,  3,  4- tetrahydro- 3-hydroxy- 7, 8-benzoquinoline  benzoate  in  50  ml  of  ether  was  saturated  with  hydrogen 
chloride.  The  hydrochloride  precipitate  was  recrystallized  from  methyl  alcohol:  colorless  plates  with  a  luster, 

m. p.  172.7-173.6*. 

Found  <74  C  70.9,  70.8;  H  5.5,  5.4;  cf  10.3, 10.3. 

CjbHi^^'HCI.  Calc.  <70:  C  70.7;  H  5.3;  Cl"  10.4. 

1,  2,  3,  4-Tetrahydro-N-benzoyl- 3- hydroxy- 7, 8-benzoquinoline  Benzoate,  A  solution  of  2,0  g  of  (I) 
in  6.0  ml  of  pyridine  was  treated  with  stirring  with  4.3  g  of  benzoyl  chloride.  The  reaction  mass  was  heated 
on  a  boiling  water  bath  for  1.75  hours.  The  mass  after  cooling  was  slowly  diluted  with  stirring  with  20  ml  of 
25<^  sulfuric  acid  solution,  and  then  with  40  ml  of  water.  After  decanting  the  top  water  layer  the  viscous  oil 
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obtained  here  was  washed  with  water.dried,  and  treated  with  25  ml  of  methyl  alcohol.  The  crystalline  precipitate 
was  filtered  and  washed  with  6  ml  of  methyl  alcohol.  Weight  3.2  g,  m.p.  143.0-  144.6*.  Recrystallization  from 
alcohol  gave  colorless  needles,  m.p.  148.7-  149.5*. 

Found  C  79.4,  79.4;  H  5.3,  5.4;  N  3.8,  3.8. 

C2T  HaOaN.  Calc.  C  79.6;  H  5.2;  N  3.4. 

The  same  product  was  also  obtained  by  running  the  reaction  for  5  days  at  room  temperature. 

1,  2,  3,  4-Tetrahydro-3-benzyloxy-7,8-benzoquinoline  Hydrochloride.  A  mixture  of  2.0  g  of  (I),  2.8  g 
of  benzyl  chloride,  5  ml  of  cyclohexanone  and  0.88  g  of  sodium  hydroxide  was  heated  on  a  boiling  water  bath 
for  28  hours.  The  reaction  mass  was  dissolved  in  75  ml  of  ether  and  washed  with  water  until  the  test  for  both 
chloride  and  hydroxyl  ions  was  negative.  After  distilling  off  the  ether, the  water  and  cycldiexanone  were  vacuum- 
distilled  on  a  boiling  water  bath.  The  residue,  a  transparent,  nearly  immobile  mass  at  room  temperature,  was 
dissolved  in  15  ml  of  methyl  alcohol  and  the  solution  saturated  with  hydrogen  chloride.  The  1,  2,  3,  4-tetra- 
hydro-3-benzyloxy-7,8-benzoquinoline  hydrochloride  precipitate  was  filtered  and  washed  with  3  ml  of  metiiyl 
alcohol.  Weight  1.3  g,  m.p.  177*  (decompn.).  Recrystallization  from  methyl  alcohol  gave  colorless  crystals 
with  m.p.  180.4®  (decompn.). 

Found  o]^  C  73.6,  73.6;  H  6.3,  6.4;  N  4.7,  4.5;  Cl"  10.8,  10.8. 

CjaHyON-HCl.  Calc,  ojoi  C  73.7;  H  6.2;  N  4.3;  Cl"  10.9. 

1,  2,  3,  4-Tetrahydro-N-benzoyl-3-benzyloxy-7,8-benzoquinoline.  A  mixture  of  0.3  g  of  1,  2,  3,  4-tetra- 
hydro-3-benzyloxy-7,8-benzoquinoline  hydrochloride  with  m.p.  180.4*,  3  ml  of  pyridine  and  0.55  g  of  benzoyl 
chloride  was  heated  on  a  boiling  water  bath  for  5  hours.  The  reacticxi  mass  was  diluted  with  15  ml  of  25%  sul¬ 
furic  acid,  and  then  with  50  ml  of  water.  The  viscous  mass  that  remained  after  decanting  the  top  water  layer 
was  washed  several  times  with  water  and  dried.  Several  recrystallizations  from  methyl  alcohol  gave  white  needles 
of  1,  2,  3,  4-tetrahydro-N-benzoyl-3-benzyloxy-7,8-benzoquinoline  with  m.p.  104.6-105.0*. 

Found  %:  C  82.2,  82.3;  H  6.0,  5.8. 

CnHaPjN.  Calc.  %:  C  82.4;  H5.9. 

Saturation  of  an  alcohol  solution  of  the  compound  with  hydrogen  chloride  failed  to  give  the  hydrochloride. 

Oxidation  of  l,2,3,4-Tetrahydro-3-hydroxy-7,8-benzoquinoline  by  the  Oppenauer  Method.  A  mixture  of 
10.5  g  (1),  27.5  g  of  aluminum  phenolate,  200  ml  of  dry  cyclohexanone  and  1300  ml  of  dry  toluene  was  heated 
in  a  paraffin  bath  at  115  -  125*  for  20  hours.  The  reaction  mass  was  filtered,  and  the  filtrate  was  saturated  with 
hydrogen  chloride.  The  hydrochloride  precipitate  was  filtered  and  dissolved  in  50  ml  of  methyl  alcohol.  The 
filtered  solution  was  made  alkaline  with  5%  NaHC03  solution,  and  then  it  was  diluted  with  water  to  a  volume 
of  250  ml.  The  precipitate  of  the  free  base  was  filtered.  Weight  4.1  g,  m.p.  202.0-  203.6*.  Recrystallization 
from  methyl  alcohol  gave  colorless  needles  with  m.p.  209.1  -  209.5*.  The  substance  is  soluble  in  alcohol,  ace¬ 
tone,  dilute  sodium  hydroxide  solution,  and  also  in  dilute  hydrochloric  acid. 

We  were  imable  to  obtain  either  the  phenylhydrazone  or  the  oxime  from  the  substance  with  m.p.  209.1  - 
-  209.5*.  The  analysis  data  correspond  to  those  calculated  for  3- hydroxy- 7,8-benzoquinoline. 

Found  %c  C  79.8,  79.9;  H  4.8,  4.7. 

CijHjON.  Calc.  %;  C  80.0;  H  4.7. 

3- Hydroxy- 7 .8-benzoquinoline  Hydrochloride.  A  solution  of  0.7  g  of  3-hydroxy- 7, 8-benzoquinoline  in 
10  ml  of  methyl  alcohol  and  1  ml  of  water  was  saturated  with  HCl.  The  3-hydroxy-7, 8-benzoquinoline  hydro¬ 
chloride  precipitate  was  filtered  and  washed  with  methyl  alcohol.  Weight  0.75  g,  m.p.  264*  (decompn.). 

Recrystallization  from  alcohol  gave  colorless  needles  with  a  luster,  m.p.  265.5*  (decompn.).  The  sub¬ 
stance  has  1  mole  of  crystallization  water. 

Loss  in  weight  after  10  days  over  CaCl2,  in  %:  7.0,  7.1. 

CjaHioNCX:!  •  H^O.  Calc.  %:  HjO  7.2. 

The  needles  partially  decompose  during  drying  and  lose  their  luster.  The  anhydrous  substance  was 


Found  <7(e  C  67.2,  67.3;  H  4.5,  4.4;  Cl"  15.3. 

Ci3H,ON»!K:1.  Calc.  C  67.4;  H  4.4;  Cl"  15.3. 

3-HYdroxY-7.8-benzoquinoline  Picrate.  The  picrate  obtained  from  0,10  g  of  3-hydroxy- 7, 8-benzoquino- 
line  and  0.12  g  of  picric  acid  in  alcohol  (6  ml)  was  filtered  and  washed  with  alcohol.  Weight  0,18  g,  m.p, 

238.1  -  239.1*.  Recrystallization  from  methyl  alcohol  gave  yellow  needles  with  m.p,  241.8  -  242,3*. 

Found  <7flC  N  13,4,  13.3. 

CjjHiPsN^.  Calc.  <5'a;  N  13.2. 

3-Hydroxy-7.8-benzoquinoline  Benzoate.  A  mixture  of  0,6  g  of  3-hydroxy-7,8-benzoquinoline,  2  ml 
of  pyridine  and  1.8  g  of  benzoyl  chloride  was  heated  on  a  boiling  water  bath  for  4  hours.  The  mass  after  cool¬ 
ing  was  diluted  with  8  ml  of  25<7o  sulfuric  acid,  and  then  with  25  ml  of  water.  The  precipitate  was  filtered  and 
washed  with  methyl  alcohol.  Weight  0.63  g,  m.p.  121,1  - 121,6*.  Recrystallization  from  methyl  alcohol  gave 
colorless  needles  with  m.p,  123.1  -  123.3*. 

Found  t/o:  C  80.4,  80.3;  H  4.6,  4.5. 

CjoHiiOjN.  Calc.  <7o;  C  80.3;  H  4.4. 

3-HYdroxY~7.8-benzoquinoline  Benzoate  Hydrochloride.  A  solution  of  0,4  g  of  3-hydroxy- 7, 8-benzoquino- 
line  benzoate  in  10  ml  of  methyl  alcohol  was  saturated  with  HCU  The  precipitate  was  cooled  to  -3  to  -5*  and 
filtered,  washed  with  methyl  alcohol,  and  dried  over  sodium  hydroxide;  colorless  needles,  wei^t  0.35  g.  m.p. 
178*  (decompn,).  The  substance  contains  chlorine  ion. 

Counter  Synthesis  of  3-Hydroxy-7.8-benzoquinoline.  A  mixture  of  2.0  g  of  (I),  0,9  g  of  Raney-Ni  (washed 
with  methyl  alcohol)  and  7,8  g  of  phenol  was  heated  in  an  oil  bath  (200-  210*)  for  8  hours.  The  reacticxi  mass 
was  first  treated  with  70  ml  bf  25%  sodium  hydroxide  solution  and  then  diluted  with  100  ml  of  water.  The  in¬ 
soluble  residue  solidified  in  12  hours.  The  filtrate  was  treated  with  10%  hydrochloric  acid  until  acid.  The  pre¬ 
cipitate  of  the  hydrochloride  was  filtered  and  washed  with  water.  Weight  0.5  g.  Recrystallization  from  methyl 
alcohol  gave  3-hydroxy- 7,  8-benzoquinoline  hydrochloride  as  needles  with  m.p.  265*  (decompn.). 

Found  %e  Cl"  15.0,  15.1, 

CuH^N'HCl.  Calc.  %:  cf  15.3. 

A  solution  of  0.3  g  of  3-hydroxy- 7, 8-benzoquinoline  hydrochloride  in  50  ml  of  water,  obtained  by  heating, 
was  treated  with  5%  NaHC03  solution.  The  precipitate  of  the  free  base  was  filtered  and  washed  with  water ,  weight 
0.2  g,  m.p.  200.0-  202.5*.  After  recrystallization  from  methyl  alcdiol,  m.p.  208.5-  209,0*. 

Found  %e  C  79.9,  80.1;  H  4.7,  4.8. 

CijHjON.  calc.  %;  C  80.0;  H  4.7. 

The  mixed  melting  point  of  the  compound  with  the  3-hydroxy- 7, 8-benzoquinollne  (m.p.  209,1  -209,5*) 
obtained  by  Oppenauer  oxidation  was  not  depressed. 

SUMMARY 

1.  The  benzoylation  and  benzylation  of  1,  2,  3,  4-tetrahydro- 3-hydroxy- 7, 8-benzoquinoline  yields  the 
0-derivatives  first, 

2.  The  oxidation  of  1,  2,  3,  4-tetrahydro- 3- hydroxy- 7, 8-benzoquinoline  by  the  Oppenauer  method  gives 
3-hydroxy- 7, 8-benzoquinoline.  An  explanation  of  such  a  reaction  course  was  offered,  involving  the  dispropor¬ 
tionation  of  dihydro- 3-hydroxy- 7, 8-benzoquinoline,  a  tautomer  of  1,  2,  3,  4-tetrahydro- 3- oxo- 7, 8-benzoquino¬ 
line. 
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OXOCYCLOTAUTOMERISM  OF  DI  -  6  -  H  Y  DROX  Y*E  T  H  Y  L  A  MINO  A  GET  ONE 


B.  M.  Mikhailova  and  A.  N.  Makarova 


In  order  to  prepare  antitumor  substances,  we  investigated  the  reaction  between  bromoacetone  (or  chloro- 
acetone)  and  diethanolamine,  which  could  result  in  the  synthesis  of  di-6 -hydroxyethylaminoacetone  (II).  Com¬ 
pound  (II)  could  then  be  used  for  preparing  analogs  of  methyl -di-0 -chloroethylamine  (embiquine)  (I),  which  pos¬ 
sesses  antitumor  activity. 

The  reaction  between  a-haloketones  of  the  aliphatic  series  and 
6  -hydroxyethylamines  has  not  been  studied  up  to  now;  in  the  aromatic 
series,  however,  condensation  of  a-chloroketones  (<j-chloroacetophe- 
none)  with  monoethanolamine  or  diethanolamine  results,  according 
to  the  literature  data,  in  the  formation  of  hydroxyaminoketones  (6- 
or  di-B -hydroxyethylaminoacetophenone  [1-2]). 

The  reaction  between  bromoacetone  (or  chloroacetone)  and  diethanolamine  gave  a  crystalline  substance 
with  m.p.  67-68*,  which,  according  to  its  chemical  properties,  was  a  cyclic  semiacetal  —  2-methyl-2-hydroxy- 
-4-6 -hydroxyethylmorpholine  (III).  In  solution,  the  cyclic  semiacetal  was  in  equilibrium  with  the  tautomeric  oxo- 
form  —  di-6 -hydroxyethylaminoacetone  (II).  This  was  shown  in  an  investigation  of  the  ultraviolet  and  infrared 
spectra  of  a  chloroform  solution  of  the  substance,  as  absorption  bands,  characteristic  of  a  carbonyl  group  appeared 
on  the  spectra.  The  absorption  intensity  in  the  ultraviolet  spectrum  exceeded  the  intensity  of  the  absorption  band 
of  acetone  (see  Fig.);  the  intensity  of  the  absorption  band  in  the  infrared  spectrum  was  approximately  3  times 
lower  than  the  absorption  band  of  acetone.  •  (Acetone  had  an  intensity  of  1.300,  the  subsunce  —  0.402). 
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The  phenomenon  of  oxocyclotautomerism  was  observed  previously  in  the  aromatic  hydroxyaminoketone 
series.  According  to  Hill  and  Powell  [3]  N-(3,4-dihydroxyphenacyl)-N-benzoylethanolamine  underwent  reversible 
cyclization  and  dehydration  into  2-(3’,4*-dihyroxyphenyl)-4-benzoyl-5,6-dihydro-l,4-oxazine.  Lutz  et  al.  also 


•  The  spectral  investigation  was  carried  out  in  the  Optical  Laboratory  of  the  Institute  of  Organic  Chemisuy  of  the 
Academy  of  Sciences  USSR. 
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studied  the  tautomeric  conversion  of  ot-f  8“hydroxyethylamino)-desoxybenzoins  [4]  and  ct-(  6-hydroxyethylamino)- 
-4,4'-dichlorodesoxybenzoins  [5]  into  the  corresponding  diphenyl  substituted  morpholine  compounds.  Cromwell 
[6]  ,  Lutz  and  Jordan  [7,  8]  described  simultaneously  the  cyclo-chain  tautomerism  of  a-(ethylethanolamino)-ace- 
tophenone. 

The  2-methyl -2-hydroxy -4-6  -hydroxyethylmorpho- 
line  (III)  we  prepared  was  a  comparatively  stable  compound. 

It  did  not  change  after  long  storage  and  after  boiling  in 
benzene  or  aqueous  solutions  and  it  was  stable  to  dilute 
acids  and  alkalis .  (Ill)  was  dehydrated  by  slow  distillation 
in  vacuum  and  was  converted  into  2-methyl -4-6 -hydroxy- 
ethyl -5, 6-dihydrooxazine-l,4  (V). 

The  hydrochloride,  obtained  by  passing  hydrogen 
chloride  into  an  ether  solution  of  (III),  was  esterified  by 
heating  in  an  ethanol  solution  to  give  the  hydrochloride 
of  the  ethyl  acetal  —  2-methyl -2-ethoxy -4-6 -hydroxy- 
ethylmorpholine  (IV).  2-Methyl-2-methoxy-4-6 -hydroxy- 
ethylmorpholine  was  prepared  similiarly.  Under  these 
conditions  propyl  alcohol  did  not  react  with  the  hydroxy 
compound  (III).  The  ethoxy  compound  (IV)  was  readily 
hydrolyzed  back  into  the  hydroxy  compound  (III). 

2-Methyl -2 -hydroxy -4-6  -hydroxyethylmorjrfioline 
(III)  may  be  distilled  in  vacuum  if  the  distillation  is  rapid. 
With  slow  distillation,  however,  or  on  heating  at  135-140'  the  hydroxy  compound  (III)  eliminated  water  and  was 
converted  into  2-methyl-4-6 -hydroxyethyl-5,6-dihydrooxazine-l,4  (V).  The  compound  obtained  was  readily  con¬ 
verted  into  the  original  (III)  by  boiling  with  dilute  acid. 

Acetal  (IV)  was  formed  by  heating  the  dihydrooxazihe  compound  (V)  with  an  alcohol  solution  of  hydrogen 
chloride. 

The  cyclic  compounds  (III),  (IV),  and  (V)  do  not  give  oximes  and  semicarbazones.  Treatment  of  these  com¬ 
pounds  with  semicarbazide  gave,  at  different  rates,  the  same  solid  substance  with  a  large  nitrogen  content  (about 
45%) .  This  compound  was  formed  from  2-methyl-2-hydroxy-4-6  -hydroxyethylmorjrfioline  (III)  after  several  hours, 
at  room  temperature;  from  (V)  after  standing  for  24  hours,  and  its  formation  from  the  acetal  (IV)  required  6  hours 
heating.  Treatment  of  (III)  with  hydroxylamine  gave  a  colorless,  crystalline  compound  with  m.p.  153-154'. 

The  compounds  obtained  by  reacting  (III)  with  semicarbazide  and  hydroxylamine  were  not  investigated 
thoroughly.  However,  from  analysis  data  we  consider  it  likely  that  they  correspond  to  formulas  (VI)  and  (VII). 

CH3-C-CH2-NH— NH— CO— NHz  CH3-C-CH2-NHOH 

N— NH— CO-NH2  NOH 

(VI)  (VII) 

Under  certain  conditions  the  cyclic  form  may  open.  Thus,  similiarly  to  a-hydroxyketones  and  a-aminoke- 
tones,  at  room  temperature  the  hydroxy  compound  (III)  readily  reduced  Fehling's  solution  and  an  ammonia  solution 
of  silver  oxide,  after  standing  for  a  long  period.  Like  all  compounds  containing  the  CHs—CO-group,  III  gave  an 
iodoform  reaction. 

All  three  compounds  (III),  (IV),  and  (V)  were  formed  by  condensing  bromoacetone  with  diethanolamine  in 
an  alcohol  medium,  followed  by  distillation  of  the  reaction  products. 

The  reaction  between  a-haloketones  of  the  aliphatic  series  and  6 -hydroxyethylamines,  proceeds  very  smoothly, 
as  the  example  investigated  showed,  and  may  be  of  practical  value  for  the  preparation  of  various  aliphatic  deriva¬ 
tives  of  morpholine  in  order  to  investigate  their  physiological  and,  in  particular,  antitumor  activity  [4,  9]. 

EXPERIMENTAL 

2-Methyl -2-hydroxy -4-6  -hydroxyethylmorpholine  (III).  50  g  (0.36  mole)  of  bromoacetone  was  added  with 


£ 


Ultraviolet  absorption  spectrum  . 
1)  Acetone,  2)  tautomeric  mix¬ 
tures  of  di-6 -hydroxyethylamino- 
acetone  and  2-methyl-2-hydroxy- 
-4-6  -hydroxyethylmorpholine 
(1  mole/ liter). 
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stirring  over  a  period  of  1.5  hours  to  77  g  (0.75  mole)  of  molten  diethanolamine.  The  reaction  proceeded  with 
the  evolution  of  heat;  the  temperature  of  the  reaction  mixture  was  kept  within  the  range  40-50*  by  external  cool¬ 
ing.  The  dark  red  reaction  mixture  obtained  was  left  at  room  temperature  until  the  next  day.  Then  the  mixture 
was  heated  to  50*  for  1  hour  and  extracted  several  times  with  a  large  amount  of  ether.  After  distilling  off  the  sol¬ 
vent,  we  obtained  a  yellowish  oil,  which  set  on  cooling  to  a  paraffin -like  mass  with  m.p.  58-62*.  The  yield  was 
55  g  (93*^).  After  two  recrystallizations  from  acetone,  the  substance  had  m.p.  67-68*. 

The  substance  did  not  change  during  a  rapid  distillation: 

B.  p.  135.5-136.5*  (6  mm),  n“  1.4847,  df  1.1333,  MRp  40.75;  Calc.  40.81. 

Found  ‘fe  C  52.18;  H  9.34;  N  8.82;  1.15.  M  168.  CyHjsOjN.  Calculated  C  52.17;  H  9.31; 

N  8.69;  1.25.  M  161. 

2-Methyl -2-hydroxy -4-6 -hydroxyethylmorpholine  was  very  readily  soluble  in  water,  alcohols,  benzene, 
acetone  and  ethyl  acetate;  poorly  soluble  in  ethyl  ether  and  insoluble  in  petroleum  ether.  It  was  stable  on  long 
storage  at  room  temperature;  it  was  almost  unchanged  on  boiling  in  benzene  solution  for  3  hours  and  boiling  in 
aqueous  solution  for  2  hours.  It  was  stable  to  dilute  acids  and  alkalis.  At  room  temperature  it  readily  reduced 
Fehling's  solution  and  also  an  ammonia  solution  of  silver  oxide  to  form  a  silver  mirror  on  long  standing.  It  gave 
an  iodoform  reaction  (the  iodoform  had  m.p.  119-121*).  The  same  result  was  obtained  on  condensing  diethanol¬ 
amine  with  chloroacetone. 

The  action  of  semicarbazide  on  2-methyl -2-hydroxy -4-6 -hydroxyethylmorpholine.  A  mixture  of  1  g  of 
2-methyl-2-hydroxy-4-6 -hydroxyethylmorpholine,  0.7  g  of  semicarbazide  hydrochloride,  0.7  g  of  potassium 
acetate  and  3  ml  of  water  was  left  at  room  temperature  for  6  hours.  The  precipitate  was  recrystallized  twice  from 
dilute  alcohol.  The  substance  (VI)  obtained  had  a  yellowish  color  and  m.p.  253*  (decomp.).  It  was  very  poorly 
soluble  in  water  and  alcohols. 

Found  %;  C  31.77;  H  5.53;  N  45.21.  CsHuOjNe.  Calculated  %  C  31.91;  H  6.42;  N  44.66. 

The  action  of  hydroxylamine  on  2-methyl -2-hydroxy -4-6 -hydroxyethylmorpholine.  A  mixture  of  1  g  of 
2-methyl -2-hydroxy -4-6 -hydroxyethylmorpholine,  1  g  of  hydroxylamine  hydrochloride,  6  ml  of  water  and  4  ml 
of  10<^  sodium  hydroxide  solution  was  heated  to  boiling  for  20  minutes  and  cooled  with  ice  water.  After  recrystal - 
ization  from  alcohol,  the  crystalline  precipitate  (VII)  had  m.p.  153-154*. 

The  substance  was  readily  soluble  in  water,  alcohols  and  ether. 

Found  %  C  34.55;  H  7.74;  N  26.74;  Hactive  M  103.5.  CjHgOjNj.  Calculated  %:  C  34.61;  H  7.75; 

N  27.02;  1.92.  M  104. 

2-Methyl -2-hydroxy -4-6  -hydroxyethylmorpholine  hydrochloride.  A  stream  of  dry  hydrogen  chloride  was 
passed  into  a  cooled  ether  solution  of  2-methyl -2-hydroxy -4-6 -hydroxyethylmorpholine.  The  hydrochloride  was 
precipitated  quantitatively.  After  recrystallization  from  a  mixture  of  alcohol  and  ether,  the  substance  had  m.p. 
124-125*. 

Found  %  C  42.59;  H  8.33;  N  6.87;  Q  17.56.  CyHijOsNa.  Calculated  C  42.52;  H  8.16;  N  7.12; 

a  17.93. 

The  hydrochloride  dissolved  in  water  and  alcohols.  On  recrystallization  from  ethyl  alcohol,  the  hydrochloride 
was  partly  (~10-15‘5{))  converted  into  2-methyl -2-ethoxy -4-6 -hydroxyethylmorjrfioline  (IV)  hydrochloride  (see 
below).  On  recrystallization  from  isopropyl  alcohol,  the  hydrochloride  of  (lU)  was  unchanged.  On  adding  potas¬ 
sium  hydroxide  to  an  aqueous  solution  of  the  hydrochloride  of  (III),  the  original  base  was  liberated. 

2-Methyl -2-hydroxy -4-6  -hydroxyethylmorpholine  methiodide.  This  was  prepared  by  mixing  equimolecular 
proportions  of  (III)  and  methyl  iodide.  After  recrystallization  from  alcohol,  the  substance  had  m.p.  128-129*. 

The  methiodide  was  readily  soluble  in  water  and  alcohols  and  insoluble  in  ether. 

Found  %:  C  31.96;  H  5.69;  N  4.42.  CuHigOgNI.  Calculated  %  C  31.68;  H  5.94;  N  4.62. 

2-Methyl -2 -ethoxy -4-6  -hydroxyethylmorpholine  hydrochloride.  A  mixture  of  2  g  of  2-methyl-2-hydroxy- 
-4-6 -hydroxyethylmorpholine  hydrochloride,  2  ml  of  anhydrous  ethyl  alcohol  and  0.5  ml  of  alcohol,  saturated 
with  hydrogen  chloride,  was  boiled  for  1  hour.  Then  ether  was  added  dropwise  to  the  cooled  solution  until  turbi- 
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dity  appeared  and  the  mixture  obtained  was  placed  in  a  refrigerator  overnight.  After  2  recrystallizations  from  a 
mixture  of  anhydrous  alcohol  and  ethyl  ether,  the  substance  obtained  formed  lustrous  plates  with  m.p,  128-129*. 

The  yield  was  65  °Io.  The  hydrochloride  was  very  readily  soluble  in  water  and  alcohols  and  was  hygroscopic. 

Found  C  47.98;  H  8.85;  N  6.31;  Q  15.62.  CjHjoOjNa.  Calculated  °k  C  47.89;  H  8.92;  N  6.21; 

Cl  15.71. 

2-Methyl -2-ethoxy -4-6  -hydroxyethylmorpholine  (IV).  An  aqueous  solution  of  2 -methyl -2 -ethoxy -4 -6- 
-hydroxyethylmorpholine  hydrochloride  was  saturated  with  potassium  carbonate,  the  base  extracted  with  ether, 
the  extract  dried  with  potassium  carbonate,  the  ether  distilled  off  and  the  residue  distilled.  The  substance  ob¬ 
tained  had: 

B.  p.  101-101.5*  (6  mm),  ng  1.4683,  df  1.0550,  MR^  49.83;  calc.  50.32. 

Found  °]oi  C  57.08;  H  10.09;  N  7.60;  Hactiyg  0.58.  M  196.  C9H19O3N.  Calculated  C  57.14;  H  10.05; 

N  7.41;  0.53.  M  189. 

2-Methyl-2-ethoxy-4-6 -hydroxyethylmorpholine  was  a  colorless,  mobile  liquid  with  a  weak  smell.  On 
storing  at  room  temperature  it  became  yellow.  It  was  readily  soluble  in  water  and  the  usual  organic  solvents.  It 
did  not  reduce  Fehling’s  solution  at  room  temperature. 

On  boiling  semicarbazide  with  2-methyl-2-ethoxy -4-6 -hydroxyethylmorpholine  for  6  hours,  we  obtained 
the  same  substance  as  that  given  by  (III)  with  semicarbazide. 

2 -Methyl -2 -ethoxy -4 -6  -hydroxyethylmorpholine  methiodide.  This  was  prepared  in  the  same  way  as  the 
methiodide  from  (III).  The  crystals  had  m.p.  150-151*  (from  ethyl  alcohol).  The  methiodide  was  readily  soluble 
in  water  and  alcohols,  but  insoluble  in  diethyl  ether. 

Found  °lo:  C  36.25;  H  6.65;  N  4.23.  C10H22O3NI.  Calculated  °hi  C  35.95;  H  6.82;  N  4.07. 

Hydrolysis  of  2-methyl -2-ethoxy -4-6 -hydroxyethylmonAoline.  A  solution  of  1.3  g  of  (IV)  in  3  ml 

of  20  ’’Jo  hydrochloric  acid  was  heated  for  30  minutes  at  50*,  then  neutralized  with  potassium  carbonate  and  extracted 
with  ether.  After  the  solyent  had  been  distilled  off,  we  obtained  2-methyl -2-hydroxy-4-6 -hydroxyethylmorpho- 
line  (III).  The  yield  was  almost  quantitative. 

2-Methyl -2-methoxy -4-6  -hydroxyethylmorpholine  hydrochloride.  A  mixture  of  2  g  of  2-methyl -2-hydroxy - 
-4-6 -hydroxyethylmorpholine  hydrochloride,  4  ml  of  methyl  alcohol  and  0.5  ml  of  methyl  alcohol,  saturated 
with  hydrogen  chloride,  was  boiled  for  1  hour.  After  cooling,  ether  was  added  to  the  mixture  until  turbidity  was 
produced  and  the  mixture  obtained  was  left  overnight  in  a  refrigerator.  After  2  recrystallizations  from  a  mixture 
of  methyl  alcohol  and  ether,  the  precipitated  substance  had  m.p.  125.5-126.5*.  The  yield  was  50  %.  The  hydro¬ 
chloride  was  very  readily  soluble  in  water  and  alcohols. 

Found  I0:  C  45.63;  H  8.76;  N  17.02.  C,Hi803Na.  Calculated  %:  C  45.39;  H  8.57;  N  16.75. 

2-Methyl -4-6  -hydroxyethyl-5,6-dihydrooxazine-l,4  (V).  51  g  of  2-methyl -2-hydroxy-4-6 -hydroxyethyl¬ 
morpholine  (m.p.  60-62*)  was  distilled  in  vacuum  4  times  from  a  Favorsky  flask.  We  obtained  a  fraction  with  b. 
p.  59-60*  at  6  mm,  which  weighed  36.7  g  (n^  1.4710).  The  same  result  was  obtained  on  heating  (III)  at  135-140* 
for  1  hour  and  then  distilling  the  product  in  vacuum.  The  product  obtained  changed  on  standing:  it  became 
yellow,  the  viscosity  increased,  the  refractive  index  changed  and  reached  a  value  of  1.4810,  and  crystals  with  m. 
p.  86-89*  separated.  The  latter  compound  was  not  examined.  On  passing  gaseous  hydrogen  chloride  into  an  ether 
solution  of  the  product  obtained,  two  types  of  crystals  separated:  1)  white,  flocculent  flakes  of  a  very  hygroscopic 
hydrochloride,  which  was  not  examined;  2)  fine  crystals  of  a  nonhygroscopic  hydrochloride.  Ethyl  alcohol  was 
added  to  the  mixture  of  hydrochlorides  and  the  nonhygroscopic  hydrochloride,  which  did  not  dissolve,  was  filtered 
off  (m.p.  155-158*)  and  recrystallized  from  a  mixture  of  alcohol  and  ether.  The  substance  obtained  had  m.p. 
159-160*  and  was  2-methyl -4-6  -hydroxyethyl-5,6-dihydrooxazine-l,4  (V)  hydrochloride.  The  yield  was  45  %. 

On  separating  the  mixture  of  hydrochlorides  with  isopropyl  alcohol,  the  yield  of  (V)  hydrochloride  was  raised  to 
60%. 

Found  °/o:  C  46.87;  H  7.72;  N  8.04.  C7Hi402Na.  Calculated  %:  C  46.78;  H  7.85;  N  7.80. 

The  hydrochloride  was  readily  soluble  in  water  and  less  soluble  in  ethyl  and  isopropyl  alcohols. 
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Potassium  carbonate  was  added  to  an  aqueous  solution  of  2-methyl -4-6 -hydroxyethyl -5, 6-dihydrooxazine- 
-1,4  hydrochloride  until  it  was  saturated.  The  oil,  which  separated,  was  extracted  with  ether,  dried  and  distilled, 
after  distilling  off  the  solvent. 

B.  p.  58.5-59*  (5  mm),  ng  1.4785,  dj®  1.1163,  MR^  36.35;  calc.  38.97. 

On  standing  in  a  refrigerator,  the  substance  crystallized  in  the  form  of  transparent  plates,  m.p.  19*;  they 
were  readily  soluble  in  water  and  organic  solvents. 

Found  C  58.64;  H  9.25;  N  9.74.  CyHuOjN.  Calculated  ‘J'o:  C  58.74;  H  9.15;  N  9.78. 

2-Methyl -4-6 -hydroxyethyl -5,6-dihydrooxazine-l,4  (V)  reacted  with  methyl  iodide  to  give  a  methiodide 
with  m.p.  219-220*.  The  methiodide  was  readily  soluble  in  water  and  alcohol,  but  insoluble  in  ethyl  ether. 

Founder  C  33.74;  H  5.62;  N  5.23;  1  44.63.  C.HjgOjNl.  Calculated  C  33.74;  H  5.65;  N  4.92;  1  44,53. 

We  obuined  a  picrate  from  (V),  as  yellow  needles  with  m.p.  153-154*. 

Found  C  42.21;  H  4.61;  N  15.27.  Ci,H,60,N4.  Calculated  la  C  41.94;  H  4.33;  N  15.05. 

On  treating  (V)  with  semicarbazide  for  24  hours  at  room  temperature  the  same  substance  was  formed  as  in 
treating  (III)  and  (IV)  with  semicarbazide. 

Hydration  of  2-methyl -4-6 -hydroxyethyl -5, 6-dihydrooxazine -1,4  hydrochloride.  An  aqueous  solution  of 
1  g  of  the  hydrochloride  was  boiled  for  1  hour.  The  solution  was  then  neutralized  with  dry  potassium  carbonate 
and  exuacted  with  ether.  After  evaporating  off  the  ether,  we  isolated  0.8  g  of  crystals  of  2-methyl-2-hydroxy- 
-4-6 -hydroxyethylmorpholine  with  m.p.  64-66*  (90%).  A  mixture  of  the  substance  obtained  with  a  sample  of 
(III)  did  not  show  depression  of  the  melting  point. 

Hydration  of  the  base  (V)  occurred  on  heating  with  5  %  hydrochloric  acid  for  30  minutes.  The  yield  of  (III) 
was  90  %. 

Addition  of  alcohol  to  2-methyl -4-6 -hydroxyethyl -5, 6-dihydrooxazine-l,4.  2  ml  of  anhydrous  ethyl  alcohol, 
containing  hydrogen  chloride,  was  added  to  0,5  g  of  2-methyl -4-6 -hydroxyethyl -5,6-dihydrooxazine-l,4  hydro¬ 
chloride.  The  mixture  obtained  was  boiled  for  1  hour,  when  all  the  hydrochloride  gradually  went  into  solution. 

The  solution  was  evaporated  down  to  a  small  volume  and  then  ether  was  added  to  it  until  turbidity  appeared.  Crys¬ 
tals  of  2-methyl -2 -ethoxy -4-6 -hydroxyethylmorj^oline  hydrochloride  precipitated.  The  yield  was  almost  quanti¬ 
tative. 

Condensation  of  bromoacetone  with  diethanolamine  in  an  alcohol  medium.  50  g  (0.36  mole)  of  bromoace- 
tone  in  50  ml  of  ethyl  alcohol  was  added  dropwise  with  stirring  over  a  period  of  1.5  hours  to  a  solution  of  76.6  g 
(0.75  mole)  of  diethanolamine  in  75  ml  of  anhydrous  ethyl  alcohol.  The  reaction  proceeded  with  the  evolution 
of  heat.  The  color  of  the  mixture  changed  from  pale  yellow  to  dark  red.  After  standing  overnight,  the  mixture  was 
heated  for  20  minutes  on  a  water  bath.  The  ethyl  alcohol  was  distilled  off  and  the  thick,  brown  oil  remaining  was 
extracted  several  times  with  dry  ether.  After  evaporating  off  the  ether,  46  g  of  a  light  brown  oil  was  left.  The 
product  was  fractionally  distilled  in  vacuum  from  a  Favorsky  flask.  We  obtained  2-methyl-2-hydroxy -4-6 -hy¬ 
droxyethylmorpholine  (»«*20%),  2-methyl -2-ethoxy -4-6 -hydroxyethylmorpholine  (»«25%)  and  a  constant  boiling 
mixture  with  b.p,  58-59*  at  5  mm  (<«25%),  from  which  we  isolated  2-methyl -4-6 -hydroxyethyl -5, 6-dihydrooxazine- 
-1,4  in  the  form  of  the  hydrochloride  (yield  35-40  %). 

SUMMARY 

1.  The  reaction  between  bromoacetone  (or  chloroacetone)  and  diethanolamine  was  investigated.  It  was  found 
that  the  di-6-hydtoxyethylaminoacetone  first  formed  underwent  tautomeric  conversion  into  the  cyclic  semiacetal 
—  2-methyl-2-hydroxy-4-6  -hydroxyethylmorpholine. 

2,  2-Methyl-2-hydroxy -4-6 -hydroxyethylmorpholine  was  dehydrated  by  heating  to  give  2-methyl -4-6 - 
-hydroxyethyl -5, 6-dihydrooxazine -1,4.  The  latter  added  alcohol  and  was  converted  into  2-methyl -2-ethoxy -4- 
-6 -hydroxyethylmorpholine.  This  compound  was  also  prepared  by  treating  the  cyclic  semiacetal  with  alcohol. 
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INVESTIGATION  OF  SYNTHESES  AND  CONVERSIONS  IN  THE  DIARYLUREA  SERIES 
I.  SYNTHESIS  OF  DIARYLUREAS  AND  THEIR  DERIVATIVES 

D.  F.  Kutepov  and  N.  S.  Rozanova 

Diarylureas  and  their  derivatives  have  found  wide  application  in  the  aniline  dye  and  chemopharmaceutical 
industry,  in  the  plastics  and  rubber  industries  and  in  the  manufacture  of  insecticides  and  fungicides.  Certain  diar- 
ylurea  derivatives  were  found  to  be  active  against  moths  and  other  pests. 

The  method  of  phosgenation  of  aromatic  amines  is  outstanding  among  the  various  methods  of  preparing  di¬ 
arylureas.  In  many  cases  this  method  is  the  only  suitable  and  economically  sound  one.  The  reaction  of  aromatic 
amines  with  phosgene  proceeds  in  a  very  complicated  manner.  It  is  known  from  the  literature  data  [1]  that  in  the 
phosgenation  of  amines,  various  conversions  take  place  depending  on  the  conditions  under  which  the  reaction  oc¬ 
curs.  The  main  reactions  may  be  shown  by  the  following  scheme 

2RNH2-^C0Clzi=5- (RNH2)2 -COCl;  RNHj  +  COCl,.;-:?  RNHj-COCl^ 


This  scheme  shows  that  for  the  phosgenation  process  to  proceed  in  the  required  direction,  suitable  condi¬ 
tions  must  be  created.  The  phosgenation  of  aromatic  amines  is  practically  an  irreversible  reaction;  therefore  the 
diarylurea  yields  are  often  exuemely  high  and  sometimes  close  to  quantitative.  Besides  that,  the  diarylurea  yield 
depends  to  a  great  extent  on  the  rate  of  the  phosgenation  reaction.  In  an  aqueous  medium  the  rate  of  the  reaction 
of  phosgene  with  aniline  is  greater  than  the  rate  of  {^osgene  hydrolysis  by  water. 

A.  E.  Kretov  [3]  found  that  the  reaction  of  {^osgene  with  aniline  in  an  aqueous  medium  was  practically  com¬ 
plete  in  less  than  one  minute.  It  is  known  that  the  majority  of  phosgenation  reactions  occur  instantaneously  but 
some  reactions  jxoceed  relatively  slowly.  We  established  [4]  that  the  rate  of  phosgenation  is  affected  by  tempera¬ 
ture  conditions,  phase  state  of  the  reacting  systems  and  the  removal  of  hydrogen  chloride  from  the  reaction  sphere. 
Aromatic  amines  are  often  phosgenated  in  organic  solvents  (toluene,  xylene,  nitrobenzene,  chlorobenzene,  dichlo- 
roethane  etc.).  This  method  makes  it  possible  to  prepare  diarylurea  from  aromatic  amines  that  are  poorly  soluble 
or  emulsify  with  difficulty  in  water  and  the  yields  of  the  diarylureas  thus  obtained  are  usually  quite  high. 

We  investigated  the  phosgenation  of  various  aromatic  amines  in  an  aqueous  alkali  medium  and  also  in  a 
medium  of  inert  organic  solvents.  Phosgenation  of  aniline  and  o-anisidine  in  an  aqueous  alkali  medium  gave  di¬ 
arylurea  yields  that  were  close  to  quantitative.  At  the  same  time  the  diarylurea  yield  in  the  phosgenation  of  p- 
-nitroaniline  in  an  aqueous  alkali  medium  was  very  low  (8.5  %).  The  high  diarylurea  yields  from  the  phosgena¬ 
tion  of  aniline  and  o-anisidine  were,  apparently,  due  to  the  capacity  of  these  amines  to  form  an  emulsion  with 
water,  which  ensured  close  contact  between  the  amine  and  f^osgene.  On  the  other  hand,  the  rate  of  phosgena¬ 
tion  depends  on  the  nature  of  the  amine  itself  and  increases  with  an  increase  in  the  amine's  basicity.  Thus,  in 
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the  phosgenation  of  nitro -substituted  anilines,  in  spite  of  using  an  excess  of  phosgene  (20  the  diarylurea  yields 
were  in  all  cases  considerably  less  than  in  the  phosgenation  of  amines  with  stronger  basic  properties  (aniline,  o- 
-anisidine,  p-anisidine,  o-toluidine).  Phosgenation  of  p-nitro-o-toluidine  with  a  ratio  of  1  mole  of  phosgene  to 
1  mole  of  amine  gave  a  diarylurea  yield  of  only  79.6  °lo. 

The  structure  of  the  amines  and  the  configuration  of  their  molecules  also  affect  the  reaction  of  aromatic 
amines  with  phosgene.  It  appears  to  us  that  the  relatively  high  diarylurea  yields  in  the  phosgenation  of  aniline 
as  compared  with  o-toluidine  and  o-anisidine  and  also  the  greater  diarylurea  yields  in  the  phosgenation  of  p-nitro- 
aniline  as  compared  with  p-nitro-o-toluidine  and  other  anilines,  substituted  in  the  ortho  position,  may  be  explained 
by  the  degree  of  spatial  accessibility  of  the  amine’s  nitrogen  atom  to  the  phosgene  molecule.  The  removal  of  the 
hydrogen  chloride  formed  in  the  reaction  with  various  types  of  reagents  is  of  great  importance  in  the  phosgenation 
of  aromatic  amines.  We  showed  in  our  previous  work  [5]  that  by  removing  hydrogen  chloride  from  the  reaction 
sphere  with  vacuum  during  phosgenation  of  trichloroaniline,  the  reaction  proceeded  at  30*  mainly  in  the  direction 
of  trichlorophenyl  isocyanate  formation.  On  reacting  hydrogen  chloride  with  trichlorophenylcarbanyl  chloride  at 
an  even  higher  temperature  trichloroaniline  and  phosgene  were  formed  and  further  reaction  of  the  two  gave  hexa- 
chlorodiphenylurea. 


EXPERIMENTAL 

Diphenylurea.  Diphenyimea  was  prepared  by  phosgenation  of  aniline  in  an  aqueous  alkaline  medium.  11,7 
g  (110  °]o)  of  phosgene  was  passed  over  a  period  of  45  minutes  into  a  mixture  of  20  g  of  aniline  and  150  ml  of  water 
at  20*,  which  was  stirred  vigorously.  During  the  whole  process,  the  reaction  mixture  was  kept  alkaline  by  adding 
sodium  carbonate  until  there  was  a  clear  alkaline  reaction  to  litmus.  After  passing  in  the  (^osgene,  the  reaction 
mixture  was  stirred  for  1  hour  at  40",  The  diphenylurea  formed  separated  as  a  white,  finely  crystalline  powder. 

The  contents  of  the  flask  were  poured  into  a  10  °lo  solution  of  hydrochloric  acid  and  the  precipitate  filtered  off, 
washed  with  water  till  neutral  to  litmus  and  dried  at  80".  We  obtained  22.68  g  (99.4  %,  calculated  on  the  aniline) 
of  diphenylurea  with  m.p.  239*. 

Found  %:  C  72.86;  73.24;  H  5.22,  5.20;  N  12.76,  13.40.  CuH^ONj.  Calculated  C  73.58;  H  5.66; 

N  13,20. 

2,2*-Dinitrodiphenylurea.  The  phosgenation  of  o-nitroaniline  was  performed  in  toluene.  9.3  g  of  phosgene 
(130  °Jo)  was  passed  over  a  period  of  35  minutes  into  a  mixture  of  20  g  of  o-nitroaniline  and  150  ml  of  toluene  at 
100",  which  was  stirred.  To  bind  the  hydrogen  chloride,  sodium  carbonate  was  introduced  (110  %  of  the  theoretical 
amount).  On  adding  the  phosgene,  no  precipitate  formation  was  observed.  After  passing  in  the  phosgene,  the  re  - 
action  mixture  was  stirred  at  100*  for  a  further  1  hour.  Then  the  contents  of  the  flask  were  cooled  to  25*  and  15 
ml  of  water  was  added.  The  pale  yellow  precipitate  formed  was  filtered  off  and  recrystallized  from  benzene.  We 
obtained  17,7  g  (80.89  °Jo,  calculated  on  the  o-nitroaniline)  of  2,2’-dinitrodiphenylurea  with  m.p,  225*,  which  cor¬ 
responds  with  the  literature  data. 

Found  %:  C  51.42,  50.96;  H  2.82,  3.24;  N  17.64,  18.41.  CUH10O5N4.  Calculated  %  C  51.65;  H  3.31; 

N  18.54. 

3,3 ’-Dinitrodiphenylurea.  a)  Phosgenation  of  m-nitroaniline  in  toluene.  A  solution  of  20.1  g  of  m-nitro- 
aniline  in  150  ml  of  toluene  was  treated  with  9.3  g  (130  %)  of  phosgene  at  100",  as  in  the  previous  experiment.  The 
yellow,  crystalline  precipitate  formed  was  filtered  off  and  recrystallized  from  alcohol.  We  obtained  18,8  g  (85.87 
%)  of  3,3’-dinitrodii*ienylurea  with  m.p,  242*. 

b)  Phosgenation  of  m-nitroaniline  in  nitrobenzene.  Ina  reaction  flask  we  placed  20  g  of  m-nitroaniline  and 
150  ml  of  nitrobenzene.  At  40*  9,3  g  (130  %)  of  j^osgene  was  passed  at  a  rate  of  0,27  g/  min.  Sodium  carbonate 
was  added  to  combine  with  the  hydrogen  chloride.  After  passing  in  the  phosgene,  the  temperature  was  raised  to 
70*  and  the  reaction  mixture  was  stirred  for  1  hour.  The  yellow  precipitate  formed  was  filtered  off  and  transferred 
to  a  flask,  to  which  was  added  150  ml  of  nitrobenzene.  The  contents  of  the  flask  were  heated  on  a  boiling  water 
bath  under  reflux  for  30  minutes,  then  the  nitrobenzene  and  unreacted  m-nitroaniline  were  distilled  off  in  steam. 
The  residual  precipitate  was  filtered  off,  washed  with  10  °lo  hydrochloric  acid  then  water  and  dried.  We  obtained 
17.4  g  (79,52  °Jo)  of  3,3 ’-dinitrodiphenylurea  with  m.p,  240*. 

Found  C  50.84,  51.36;  H  3.26,  3.05;  N  18.47,  18.23.  CyHio03N4.  Calculated  C  51.65;  H  3.31; 

N  18,54. 
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4.4*-Dinitrodiphenylurea.  a)  Phosgenatlon  of  p-nitroaniline  In  an  aqueous  alkali  medium.  An  aqueous  sus¬ 
pension,  previously  prepared  from  20  g  of  p-nitroaniline  and  150  ml  of  water,  was  placed  in  a  reaction  flask.  The 
mixture  was  heated  to  40*  and  at  this  temperature,  9.3  g  (130  %)  of  phosgene  was  introduced  at  a  rate  of  0.27 g/  min. 
During  the  phosgenation  sodium  carbonate  was  added  to  the  reaction  mixture  so  that  the  reaction  remained  neutral 
the  whole  time.  After  passing  in  the  phosgene,  the  mixture  was  stirred  at  70*  for  1  hour,  then  cooled  and  the  pre¬ 
cipitate  filtered  off,  washed  with  10  %  hydrochloric  acid  then  water  and  dried.  We  obtained  4.6  g  (18.5  %)  of 
4,4*-dinitrodiphenylurea  with  m.p.  310*. 

b)  Phosgenation  of  p-nitroaniline  in  nitrobenzene.  20  g  of  p-nitroaniline  and  150  ml  of  nitrobenzene  were 
fdaced  in  a  flask  and  9.3  g  (130  %)  of  phosgene  was  passed  in  under  the  same  conditions  as  in  the  phosgenation  of 
m-nitroaniline  in  nitrobenzene.  We  obtained  20.04  g  (91.5  %>,  calculated  on  the  p-nitroaniline)  of  4,4*-dinitro- 
diphenylurea  with  m.p.  312*. 

Found  °hi  C  51.5,  50.94;  H  3.82,  3.60;  N  17.64,  19.44.  Ci,Hio05N4.  Calculated  °ht  C  51.65;  H  3.31; 

N  18.54. 

2,2'-Dimethoxydiphenylurea.  The  j^osgenation  of  o-anisidine  was  carried  out  in  an  aqueous  alkali  medium 
by  the  method  described  by  us  previously  [4].  9.2  g  (115  °h)  of  phosgene  was  introduced  at  a  rate  of  0.27  g/  min 
into  a  mixture  of  20  g  of  o-anisidine  and  150  ml  of  water  at  25*.  During  the  phosgenation  the  reaction  medium 
was  kept  slightly  alkaline  by  the  periodic  addition  of  sodium  carbonate  (110  of  the  amount  required  to  combine 
with  the  hydrogen  chloride).  We  obtained  21.84  g  (98.8  %,  calculated  on  the  o-anisidine)  of  2,2’-dimethoxydi- 
phenylurea.  The  m.p.  was  186*,  which  corresponds  with  literature  data. 

Found  %  C  66.31,  66.29;  H  6.15,  6.48;  N  10.64,  13.30.  CisHnOjNi.  Calculated  %;  C  66.17;  H  5.84; 

N  10.29. 

4,4*-Dimethoxydiphenylurea.  The  phosgenation  of  p-anisidine  was  carried  out  in  nitrobenzene.  9.2  g 
(115  %)  of  phosgene  was  passed  at  a  rate  of  0.27  g/  min  into  a  solution  of  20  g  of  p-anisidine  in  150  ml  of  nitro¬ 
benzene  at  40*,  which  was  stirred.  The  reaction  medium  was  kept  alkaline  (to  Brilliant  Yellow  paper)  by  adding 
sodium  carbonate.  10  minutes  after  the  beginning  of  i^osgene  introduction,  white  crystals  began  to  form.  After 
passing  in  the  phosgene,  the  reaction  mixture  was  stirred  at  70*  for  1  hour.  The  isolation  of  the  final  fwoduct  was 
the  same  as  in  the  phosgenation  of  m-nitroaniline  and  p-nitroaniline  in  nitrobenzene.  We  obtained  a  white  crystal¬ 
line  product  with  m.p.  240*;  after  recrystallization  from  alcohol,  the  m.p.  was  242*.  The  weight  of  dry  4,4 ’-di- 
methoxydiphenylurea  was  20.75  g  (94.1  ’’Jo). 

Found  C  65.81,  66.04;  H  5.94,  6.16;  N  11.02,  10.45.  CisH^OsN,.  Calculated  C  66.17;  H  5.84; 

N  10.29. 

2,2*-Dimethyldiphenylurea.  The  phosgenation  of  o-toluidine  was  carried  out  in  nitrobenzene.  Into  the 
flask  was  inuoduced  20  g  of  o-toluidine,  150  ml  of  nitrobenzene  and  9.5  g  (115  %)  of  phosgene.  The  experiment 
was  carried  out  as  in  the  phosgenation  of  other  aromatic  amines  in  niuobenzene.  After  removing  unreacted  o- 
-toluidine,  we  obtained  white  crysulline  2,2'-dimethyldiphenylurea  with  m.p.  250*.  The  weight  of  the  dry  pro¬ 
duct  was  21.45  g  (95.2  <%). 

Found  %  C  74.97,  75.10;  H  6.38,  6.46;  N  11.80,  11.48.  CisHieON,.  Calculated  %  C  75.02;  H  6.66; 

N  11.66. 

4.4*-Dinitro-2,2*-dimethyldiphenylurea.  This  compound  was  prepared  by  treating  p-nitro-o-toluidine  with 
phosgene  in  nitrobenzene.  24.5  g  (0.25  mole)  of  j^osgene  was  introduced  at  a  rate  of  0.27  g/  min  into  a  mixture 
of  38.02  g  (0.25  mole)  of  p-nitro-o-toluidine  and  300  ml  of  nitrobenzene.  The  experiment  was  carried  out  as  in 
the  phosgenation  of  m-  and  p-nitroaniline  in  nitrobenzene.  We  obtained  32.96  g  (79.6  ’’h)  of  4,4’-dinitro-2,2'- 
dimethyldiphenylurea.  After  washing  with  20  ^  hydrochloric  acid  and  water,  the  substance  obtained  melted  at 
300*,  which  corresponds  with  the  literature  data. 

SUMMARY 

1.  We  described  the  preparation  of  a  series  of  diarylureas  in  high  yields  by  the  phosgenation  of  aromatic 
amines  both  in  an  aqueous  medium  and  in  a  medium  of  inert  organic  solvents. 

2.  A  scheme  for  the  possible  conversions  in  the  reactions  of  aromatic  amines  with  phosgene  is  given. 
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CHEMISTRY  OF  SELENOPHENE 


Vni.  N-(SELENENAL-2)-AMINES,  2-PHENYL-4-(SELENENAL-2)-OXAZOLONE-5, 
5-(SELENENAL-2)-THIAZOLIDON-4-THIONE-2  (SELENENAL-2-RHODANINE)  AND 
SELENOPHEN -2-ALDEHYDE  HYDRA ZOT HIAZOLINONE 

Yu.  K.  Yurev,  N.  N.  Mezentsova  and  T.  A.  Balashova 


We  reponed  in  a  previous  paper  [1]  that  selenophen-2-aldehyde  underwent  reactions  charactristic  of  alde¬ 
hydes  of  the  aromatic  series,  such  as  the  Cannizzaro  and  Perkin  reactions. 

In  this  work  we  studied  other  reactions  of  selenophen -2 -aldehyde,  characteristic  of  aromatic  aldehydes, 
namely  reactions  with  ammonia,  amines  and  some  compounds,  containing  active  methylene  groups. 

We  established  that  selenophen-2-aldehyde  reacted  with  ammonia,  like  benzaldehyde  or  thiophen-2-alde- 
hyde,  to  form  the  corresponding  hydramide  —  selenenal-2-hydramide. 


The  reactions  of  selenophen-2-aldehyde  with  some  of  the  simjdest  aromatic  amines,  aniline  and  a-nai^- 
thylamine,  and  with  aromatic  amines  containing  another  functional  group  in  the  nucleus,  o-  and  p-aminobenzoic 
acids,  m-nitroanillne  and  o-aminophenol,  proceeded  smoothly  and  the  conesponding  colored  azomethine  com¬ 
pounds  were  obtained  in  good  yields  (60  -  92.5  *](>). 


I  L 


;>-R- 


CH=N-<^ _ ^R" 

n  ■ 


where:  R=  COOH,  R’=  H,  R*=  H  or  R  =  H,  R’  =  H,  R"  =  CCX)H,  or  R  =  H,  R*  =  NO,,  R*  =  H,  or  R  = 
=  OH,  R*  =  H,  R*  =  H. 

A  colorless  reaction  {nroduct  was  obtained  by  reacting  selenophen -2 -aldehyde  with  cyclohexylamine. 


-hNH,- 


The  yields  were  somewhat  lower  (30-45  in  the  reactions  of  selenophen-2-aldehyde  with  the  diamines, 
ethylenediamine  and  p-phenylenediamine,  which  gave,  N,N'-di-(selenenal-2)-ethylenediamine  and  N,N*-di- 
-<selenenal-2)-p-phenylenediamine. 

•  Chemical  Abstracts  translates  ■selenenal*  as  ■selenophenylmethylidene*—  Publisher  *s  note. 
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Finally,  we  showed  that  the  thiosemicarbazone  of  selenophen-2-aldehyde  condensed  readily  with  chloro- 
acetic  acid  in  the  presence  of  sodium  acetate  to  give  the  hydrazothiazolinone  of  selenoi^en-2-aldehyde  in  good 
yield; 


— CH=N— NH-C— NHj 


S 


CICH,COOH 

CHjCOOnT’ 


II  II— CH=N-NH 


_C==-N 

\h2 


The  melting  points  of  almost  all  the  compounds  oftheselenophene  series  prepared  in  this  work  were  very 
close  to  the  melting  points  of  the  compounds  of  the  thiophen  series  analogous  to  them  in  structure. 

The  results  given  above,  obtained  in  this  work,  show  that  selenophen-2-aldehyde  undergoes  many  reactions 
characteristic  of  aldehydes  possessing  an  aromatic  nature  and,  in  particular,  thiophen -2 -aldehyde.  However,  we 
observed  that  selenophen-2-aldehyde  behaved  differently  from  thiophen-2-aldehyde  in  one  of  the  characteristic 
reactions.  Thus,  we  unsuccessfully  attempted  to  carry  out  a  benzoin  condensation  of  selenojrfien-2-aldehyde  and 
to  perform  a  cyanhydrin  synthesis  on  it  by  N.  D.  Zelinsky's  method,  to  prepare  simplest  a-aminoacids,  contain¬ 
ing  a  selenophen  ring.  Selenophen -2-aldehyde  did  not  undergo  benzoin  condensation  or  cyanhydrin  synthesis,  but 
was  considerably  resinified  and  broken  down  with  the  liberation  of  selenium.  This  peculiarity  should  be  noted 
as  the  sulfur  analog  of  selenoi^en-2-aldehyde  —  thiophen-2-aldehyde  —  was  shown  by  Cardon  and  Lankel- 
ma  [2]  to  undergo  benzoin  condensation  to  form  thenoin  in  32  ’’Jo  yield. 
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EXPERIMENTAL 


Reactions  of  Selenophen-2-aldehyde  with  Ammonia  and  Amines 

Selenenal-2-hydranilde.  9  ml  of  11  %  ammonia  solution  (0.07  mole)  was  added  to  5  g  (0.0314  mole)  of 
selenophen -2-aldehyde.  After  10-12  hours  well  formed  white  crystals  were  produced.  From  two  experiments  we 
obtained  3.1  g  (30  %)  of  selenenal-2-hydramide:  the  m.p.  was  100*  (from  a  mixture  of  acetone  and  water  in  the 
ratio  5  :  1);  the  material  was  readily  soluble  in  methyl  alcohol  and  acetone;  it  was  less  soluble  in  ethyl  alcohol 
and  insoluble  in  ether  and  water. 

Found  lot  C  39,23,  39.32;  H  3.04,  3.03;  N  5.87,  5.73.  C,5HuN,Se,.  Calculated  C  39.16 ;  H  2.65; 

N  6.13. 

N -(Selenenal -2) -aminocyclohexane .  2,5  g  (0.025  mole)  of  cyclohexylamine  (b.p.  129-131*,  np  1.4601), 
was  added  to  4  g  (0.025  mole)  of  selenophen-2-aldehyde,  and  a  considerable  amount  of  heat  was  evolved.  The 
reaction  mixture  was  extracted  with  ether  and  the  extracts  dried  with  anhydrous  sodium  sulfate.  After  distilling 
off  the  ether  the  residue  was  distilled  in  vacuum.  We  obtained  5.6  g  (92.5  %)  of  N-(selenenal-2)-aminocyclo- 
hexane: 

b.p.  156* (8  mm),  ng  1.5920,  d*®  1.3082, 

Found  %  C  54.50,  54.46;  H  6.55,  6.37;  N  6,06,  6,08.  CuHjsNSe.  Calculated  C  54.99;  H  6.29; 

N  5.83. 

N -( Sele ne nal -2) -aniline .  2.92  g  (0.0314  mole)of  aniline  in  10  ml  of  methyl  alcohol  was  added  to  a  solution 
of  5  g  (0.0314  mole)  of  selenophen-2-aldehyde  in  5  ml  of  methyl  alcohol,  and  an  intense  red  color  appeared. 

The  reaction  mixture  was  heated  for  2  hours  on  a  boiling  water  bath;  then  the  solvent  was  distilled  off  and  the 
residue  distilled  in  vacuum.  We  obtained  5  g  (70  %)  of  N -(selenenal -2) -aniline  as  a  viscous,  dark  red  liquid,  which 
darkened  rapidly  in  air; 

b.  p.  189-190*  (12  mm),  df  1.4262,  ng  1.6855, 

Found  •fe  C  56.96,  56.75;  H  4.18,  4.29;  CyHjNSe.  Calculated  °hi  C  56.41;  H  3.87. 

N*<Selenenal-2)-aniline  hydrochloride;  m.p,  165*  (with  decomp.). 

Found  N  5.58,  5.54.  CnHioNaSe.  Calculated  'fe  N  5,17. 

N -( Selenenal -2) -a -a minonaphthalene .  2.86  g  (0.02  mole)  of  a-naphthylamine  (  m.p.  50*)  was  added  to 
3.08  g  (0.02  mole)  of  selenophen-2-aldehyde.  On  standing,  the  naphthylamine  completely  dissolved.  The  re¬ 
action  mixture  was  heated  for  2  hours  on  a  water  bath  and  then  extracted  with  ether  and  the  extracts  dried  with 
anhydrous  sodium  sulfate.  After  distilling  off  the  ether,  the  residue  was  distilled  in  vacuum,  and  at  262*  (12  mm) 
a  thick  oil  came  over,  which  crystallized  on  standing.  We  obtained  3.4  g  (60  %)  of  N-(selenenal-2)-a -naphthyl¬ 
amine  as  golden  yellow  crystals: 

m.p.  74-75*  (from  methanol). 

Found  C  63.17,  63.23;  H  3.81,  3.85;  N  5.24,  5.23.  CjsHuNSc.  Calculated  C  63.40;  H  3.92; 

N  4.88. 

N -(Selenenal -2)-p-aminobenzoic  acid.  A  solution  of  2.15  g  (0.0155  mole)of  p-aminobenzoic  acid  in  25 
ml  of  ethyl  alcohol  was  added  to  2.5  g  (0.0155  mole)  of  selenophen-2-aldehyde.  Immediately  a  red  color  ap¬ 
peared  and  a  red  crystalline  precipitate  formed,  which  was  separated  off,  washed  with  alcohol  and  recrystallized 
from  glacial  acetic  acid.  We  obtained  3.63  g  (83.5  %)  of  N-(selenenal-2)-p-aminobenzoic  acid;  the  m.p.  was 
200*  (with  decomp.). 

Found  C  52.43,  52.29;  H  3.39,  3.57;  N  4.80,  5.02.  C^HjCjNSe.  Calculated  %  C  51.81;  H  3.26; 

N  5.04. 

N -(Selenenal -2)-o-aminobenzoic  acid.  A  solution  of  2.07  g  (0.0158  mole)  of  o-aminobenzoic  acid  in  10 
ml  of  methyl  alcohol  was  added  to  a  solution  of  2.4  g  (0.0158  mole)  of  selenophen -2 -aldehyde  in  5  ml  of  methyl 
alcohol  and  the  mixture  heated  for  3  hours  on  a  water  bath.  We  obtained  3.6  g  (80  %)  of  N -(selenenal -2) -o-amino¬ 
benzoic  acid  as  bright  red  crystals;  the  m.p.  was  132*  (from  alcc^ol); 
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Found  %:  C  51.83,  51.49;  H  3.24,  3.24;  N  5.49,  5.69;  CuHjO^NSe,  Calculated  %:  C  51.81;  H  3.26; 
N  5.04. 


N-(Selenenal-2)-m-nitroaniline.  A  solution  of  4.34  g  (0.0314  mole)  of  m-nitroaniline  in  20  ml  of  methyl 
alcohol  was  added  to  a  solution  of  5  g  (0.0314  mole)  of  selenophen-2-aldehyde  in  5  ml  of  ethyl  alcohol.  The  re¬ 
action  mixture  was  heated  for  1  hour  on  a  water  bath.  We  obtained  7  g  (80  %)  of  N-(selenenal -2) -m-nitroaniline 
as  dirty  green  crystals;  the  m.p.  was  93-94*  (from  alcohol). 

Found  C  47.15,  47.09;  H  2.58,  2.76;  N  10.43,  10.24.  CuHgOjNjSe.  Calculated  °]at  C  47.32; 

H  2.89;  N  10.04. 

N-(Selenenal-2)-o-aminophenol .  A  solution  of  4.3  g  (0.025  mole)  of  selenophen -2 -aldehyde  and  2.95  g 
(0.025  mole)  of  o-aminophenol  in  40  ml  of  methyl  alcohol  was  heated  for  2  hours  on  a  water  bath.  We  obtained 
3.5  g  (70  ‘7o)  of  N-(selenenal-2)-o-aminophenol  as  yellow  crystals;  the  m.p.  was  55*  (from  methyl  alcohol). 

Found  C  52.74,  52.68;  H  3.67,  3.54;  N  5.58,  5.69.  CuHjONSe.  Calculated  ‘fe  C  52.81;  H  3.62; 

N  5.59. 

N  ,N  *  -Pi  -( sele nenal  -2) -ethylene diamine .  A  solution  of  1.33  g  (0.01  mole)  of  ethylenediamine  hydrochloride 
in  20  ml  of  ethyl  alcohol  and  a  solution  of  1.06  g  (0.01  mole)  of  sodium  carbonate  in  4  ml  of  water  were  added 
to  3.2  g  (0.02  mole)  of  selenophen-2-aldehyde.  The  reaction  mixture  was  heated  for  3  hours  on  a  water  bath. 

We  obtained  1.1  g  (30  %)  of  N,N’-di-(selenenal-2)-ethylenediamine  as  grey  crystals;  the  m.p.  was  110*  (from 
aqueous  alcohol  1  :  1). 

Found  °l<n  C  42.45,  42.34;  H  3.57,  3.56;  N  8.40,  8.20.  CuHuNjSe,.  Calculated  C  42.08;  H  3.54; 

N  8.48. 

N,N*-Di-(selenenal-2)-p-phenylenediamine.  A  mixture  of  2  g  (0.0124  mole)  of  selenophen -2 -aldehyde, 

0.7  g  (0.0062  mole)  of  p-phenylenediamine  and  3  ml  of  ethyl  alcohol  was  heated  for  2  hours  on  a  water  bath. 

We  obtained  1.6  g  (45  '^6)  of  N,N'-di-(selenenal-2)-p-phenylenediamine  as  dark  yellow  crystals;  the  m.p.  was 
187-188*  (from  butyl  alcohol). 

Found  %;  C  49.53,  49.50;  H  3.26,  3.25;  N  7.45,  7.31.  CnH^NiSej.  Calculated  %  C  49.26;  H  3.10; 

N  7.18. 

Condensation  of  selenophen -2 -aldehyde  with  Compounds  Containing  Active  Methylene 
Groups 

2-Phenyl -4 -(selenenal-2)-oxazolone -5.  A  mixture  of  6.8  g  (0.043  mole)  of  selenophen-2-aldehyde,  7.63  g 
(0.043  mole)  of  hippuric  acid,  3.5  g  (0.043  mole)  of  anhydrous  sodium  acetate  and  42.9  g(0.043mole)  of  acetic 
anhydride  was  heated  for  1  hour  on  a  water  bath  at  60-70*.  We  obtained  10.4  g  (80  ’’h)  of  2-phenyl-4-(selenenal- 
-2)-oxazolone-5  as  bright  yellow  crystals;  the  m.p.  was  173-174“  (from  benzene). 

Found  C  55.73,  55.68;  H  3.05,  3.09;  N  4.86,  4.80.  C^HsOjNSe.  Calculated  °hi  C  55.64;  H  3.00; 

N  4.63. 

5-(Selenenal-2)-thiazolidon-4-thione-2.  8  g  (0.1  mole)  of  anhydrous  sodium  acetate  was  added  to  a  gently 
heated  solution  of  5.2  g  (0.032  mole)  of  selenophen -2 -aldehyde  and  4.32  g  (0.032  mole)  of  rhodanine  (m.p.  162*) 
in  30.3  ml  of  glacial  acetic  acid;  the  reaction  mixture  boiled  up  and  a  brown  precipitate  was  formed.  The  mix¬ 
ture  was  heated  for  a  further  half  hour  and  150  ml  of  water  was  added;  the  precipitate  was  filtered  off  and  washed 
with  water,  alcohol  and  ether.  We  obtained  7  g  (Ol^^o)  of  5-(selenenal-2)-thiazolidon-4-thione-2  as  lustrous, 
brown  crystals;  the  m.p.  was  234*. 

Founder  C  35.65,  35.63;  H  1.82,  1.83;  N  5.02,  4.84.  CjHsONSjSe.  Calculated  C  35.04  ;  H  1.84; 

N  5.11. 

Preparation  of  Sele  no  phe  n  -  2 -al  de  hy  de  Hydrazothiazolinone 

1  g  (0.014  mole)  of  anhydrous  sodium  acetate  and  1  g  (0.01  mole)  of  chloroacetic  acid  were  added  to  a 
solution  of  1.16  g  (0.005  mole)  of  selenophen-2-aldehyde  thiosemicarbazone  (m.p.  176*)  in  25  ml  of  alcohol  and 
the  mixture  heated  on  a  water  bath  for  1  hour.  The  precipitate  formed  was  filtered  off  and  washed  with  hot  water 
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and  alcohol.  We  obtained  1.1  g  (80  ‘^)  of  selenophen -2-aldehyde  hydrazothiazolinone  as  lustrous,  light  yellow 
crystals;  the  m.p.  was  210*. 

Found  ‘fe  C  35.17,  35.29;  H  2.48,  2.37;  N  15.16,  14.94.  C,H70NjSSe.  Calculated  C  35.18;  H  2.21; 

N  15.03. 

SUMMARY 

1.  Selenophen-2-aldehyde  reacted  with  ammonia  to  give  selenenal-2-hydramide. 

2.  Selenophen -2 -aldehyde  reacted  with  primary  amines  to  give  azomethine  compounds,  of  which  the  follow¬ 
ing  are  described  in  this  paper:  N-(selenenal-2)-aminocyclohexane,  N-(selenenal-2)-aniline,  N-(selenenal-2)- 
-aminonaphthalene,  N-(selenehal-2)-p-aminobenzoic  acid,  N-(selenenal-2)-o-aminobenzoic  acid,  N-(selenen- 
al-2)-m-nitroaniline,  N,N'-di-(selenenal-2)-ethylenediamine  and  N,N’-di-(selenenal-2)-p-phenylenediamine. 

3.  Selenophen -2-aldehyde  condensed  with hippuric acid  and  with  rhodanine  to  give  2-phenyl -4-(selenenal- 
-2)-oxazolone-6  and  5-(selenenal-2)-thiazolidon-4-thione-2,  respectively. 

4.  The  thiosemicarbazone  of  selenophen -2 -aldehyde  condensed  with  chloroacetic  acid  to  give  the  hydra¬ 
zothiazolinone  of  selenophen -2 -aldehyde. 
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REACTION  OF  NITROSYL  CHLORIDE  WITH  UNSATURATED  HYDROCARBONS 
m.  REACTION  WITH  ISOPROPYLETHYLENE* 

K.  A.  Ogloblin 

The  reaction  of  nltrosyl  chloride  with  tri-  and  fully  substituted  ethylenes  and  hydrocarbons  of  the  cyclo¬ 
hexene  series  was  investigated  for  a  large  number  of  examples  [2],  Much  less  is  known  on  the  reaction  of  nitro- 
syl  chloride  with  symmetrical  and  unsymmetrical  disubstituted  ethylenes  and  very  little  on  that  with  monosubsti- 
tuted  ethylenes. 

In  the  reaction  with  isopropylethylene  [3]  a  green  oil  was  obtained  which  was  heavier  than  water  and  whose 
composition  was  not  investigated.  1,2-Dichloroiwopane  [4]  was  isolated  from  the  reaction  i^oducts  of  niuosyl 
chloride  with  propylene  and  a  solid  bis-niuosochloride  [5]  was  obtained  in  the  presence  of  metallic  catalysts. 
Nothing  is  said  of  the  other  reaction  products.  This  reaction  was  carried  out  with  n-hexene-1,  n-heptene-1,  n- 
-octene-1  [6]  and  with  a  series  of  higher  normal  ethylene  hydrocarbons  with  a  terminal  double  bond  [7].  In  cer¬ 
tain  cases  solid  nitrosochlorides  [7]  were  obtained,  while  the  liquid  reaction  products  were  not  investigated. 

In  reacting  nitrosyl  chloride  with  arylethylenes:  styrene  [4,  6,  8],  4-methylstyrene  [8,  9],  2- and  3 -methyl¬ 
styrene  [6],  2,4,6-trimethylstyrene  [9]  and  allylbenzene  [6],  the  investigators  noted  the  pesence  [4,  6,  8]  or  the 
absence  [9]  of  solid  nitrosochlorides,  while,  as  a  rule,  the  liquid  poducts  were  not  investigated.  (j-Niuostyrene 
and  phenyldichloroethane  were  found  in  the  reaction  products  only  in  experiments  with  styrene  [8]. 

It  can  be  seen  from  this  brief  summary  that  the  reaction  of  nitrosyl  chloride  with  monoalkylethylenes  has 
not  been  studied  sufficiently. 

In  order  to  elucidate  the  course  of  the  reaction  of  nitrosyl  chloride  with  monoalkylethylenes  we  investigated 
the  reaction  with  isopropylethylene. 

The  reaction  was  carried  out  with  equimolecular  amounts  of  hydrocarbon  and  nitrosyl  chloride  (or  with  slight 
excess  of  the  hydrocarbon),  in  an  ether  solution  in  sealed  ampules. 

The  reaction  proceeded  very  slowly  at  a  temperature  of  -40*  to  -50*,  either  in  ether  or  without  solvent  and 
over  a  period  of  several  hours  there  were  no  visible  signs  of  reaction.  At  a  temperature,  close  to  room  temperature, 
the  reaction,  without  solvent,  poceeded  very  vigorously  with  considerable  evolution  of  heat  and  broke  the  ampule. 
The  same  result  was  achieved  in  expriments  with  concentrated  solutions  of  the  reagents  in  ether,  without  cooling. 

With  a  ratio  of  4—5  ml  of  ether  pr  g  of  NOCl  and  cooling  the  ampule  with  cold  water,  the  reaction  poceeded 
calmly  and  was  complete  after  several  hours.  Under  these  conditions,  the  reddish  brown  color  of  the  reaction  mix¬ 
ture  changed  to  a  light  green.  Strong  pressure  was  always  observed,  when  after  cooling  (  -50*),  the  amples  were 
opned. 

In  contrast  to  trimethylethylene  and  isobutylene,  no  solid  nitrosochloride  was  formed  in  the  reaction  of  nitro¬ 
syl  chloride  with  isopropylethylene.  The  main  reaction  products  were  3 -chloro-4-nitro -2-methyl butane  and  3,4- 
-dichloro-2-methylbutane.  Besides  that,  we  found  a  small  amount  of  an  unsaturated  monochloride,  CsH^Cl,  which 
was  apprently  4-chloro-2-methylbutene-2.  The  fraction,  correspnding  to  the  dichloride,  was  colored  a  deep 
blue  by  a  trace  of  3-chloro-4-nitroso-2-methylbutane,  which  could  not  be  seprated  from  the  dichloride  by  distil- 


•  For  Reprts  I  and  II  see  [1]. 
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lation.  The  blue  color  gradually  disappeared  when  the  product  was  kept  in  diffuse  light  and  very  rapidly  in  direct 
sunlight. 

As  analysis  and  qualitative  reactions  showed,  the  higher  fractions  contained  the  acid  chloride  of  a-chloro- 
isovalerohydroxamic  acid  mixed  with  a  chloronitrohydrocarbon. 

The  course  of  the  reaction  of  nitrosyl  chloride  with  isoprcpylethylene  may  be  shown  by  the  scheme  given 
below. 

(CH3)2CH-CH=CH2  (CH3)2CH-CHCI-CH2N0 

(CH3)2CH-CHCI-CH2N0  (CH3)2CH-CHCl-CH2N02-t- Cl2-»-N2 

(CH3)2CH-CH=CH2  — ^  (CH3)2CH— CHCI-CH2CI -I- C5H9CI 


On  treating  isopropylethylene  with  nitrosyl  chloride,  besides  the  addition  of  nitrosyl  chloride,  there  occurred 
the  oxidation  of  the  nitroso  group  to  the  nitro  group,  which  proceeded  at  a  rate  greater  than  that  of  the  addition.* 

The  oxidation  of  the  niuoso  compound  was  accompanied  by  nitrosyl  chloride  decomposition  giving  chlorine, 
which  gave  a  dichloride  and  some  unsaturated  monochloride  with  the  hydrocarbon. 

No  a -chloroisovaleraldehyde  oxime  was  found  in  the  reaction  products;  consequently,  under  these  conditions 
there  was  practically  no  rearrangement  of  the  nitro  compound  into  the  oxime.  It  is  possible  that  a  small  amount 
of  oxime  was,  nevertheless,  formed  but  was  then  converted  into  the  acid  chloride  of  a-chloroisovalerohydroxamic 
acid  by  chlorine  or  nitrosyl  chloride  [12]. 

NOH 

(CH3)2CH-CHC1-CH=N0H  (CH3)2CH— CHCI— (!— Cl 

The  structure  of  the  chloronitrohydrocarbon  was  proved  by  preparing  a -chloroisovaleric  acid  from  it  by 
heating  it  with  hydrochloric  acid  in  a  sealed  ampule  [10]. 

(CH3)2CH-CHCI-CH2N02  (CH3)2CH-CHC1-C00H 

On  reducing  the  chloronitrohydrocarbon  with  zinc  amalgam  in  hydrochloric  acid  at  room  temperature,  the 
amount  of  zinc  that  dissolved  was  the  amount  required  for  reducing  one  nitro  group  to  the  hydroxylamino  group. 

Two  equivalents  of  alkali  were  used  in  the  reaction  with  alcoholic  KOH,  and  potassium  chloride  was  imme¬ 
diately  precipitated,  which  indicated  the  lability  of  the  chlorine  atom. 

EXPERIMENTAL 

Reaction  of  Isopropylethylene  with  nitrosyl  chloride.  125  g  of  nitrosyl  chloride ••  was  added  with  stirring 
to  a  mixture  of  134  g  of  isopropylethylene(b.p.  19-22*,  n^**  1.3660,  prepared  by  dehydration  of  isoamyl  alcohol 
over  aluminum  sulfate  [1]  )  and  500  ml  of  anhydrous  ether,  cooled  to  -10*.  The  red-brown  colored  reaction  mix¬ 
ture  was  poured  into  17  ampules  and  the  ampules  were  sealed  and  placed  in  a  water  bath  (+3*).  After  2  hours, 
the  reaction  mixture  in  the  ampules  acquired  a  brown  color  with  a  green  tinge,  which  indicated  that  the  reaction 
had  already  partly  occurred.  The  next  day  the  liquid  in  the  ampules  was  a  clear  yellow-greeen  and  the  bath  tem¬ 
perature  was  +11*. 

The  ampules  were  cooled  to  -50*  and  opened  by  heating  the  ends  with  a  naked  flame  and  they  were  found 
to  be  under  high  pressure. 

The  volatile  part  of  the  reaction  mixture  was  distilled  off  without  heating  under  reduced  pressure  (110-65 
mm)  and  the  distillate  was  condensed  in  traps  (  -50*).  After  two  distillations,  the  distillate  yielded  38  g  of  un- 


*  This  is  confirmed  by  the  fact  that  a  chloronitro  compound  and  a  dichloride  were  the  main  reaction  products. 

**  This  was  prepared  by  passing  hydrogen  chloride  into  a  heated  solution  of  nitrosyl  sulfuric  acid  in  sulfuric  acid. 
The  product  was  freed  from  hydrogen  chloride  by  boiling  for  half  an  hour  in  a  flask  with  a  reflux  condenser,  cooled 
with  a  mixture  of  solid  carbon  dioxide  and  alcohol. 
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reacted  isopropylethylene  with  b.p.  16-21*  at  778  mm,  with  the  bulk  boiling  at  19.5-20.5*. 

The  bright  green  liquid  remaining  after  distilling  off  the  volatile  products  was  distilled  from  a  Favorsky 
flask.  A  fraction  was  distilled  off  with  b.p.  24-70*  at  5  mm,  which  had  a  dark  blue  color  and  weighed  64.8  g. 

The  residue  was  a  light  green,  turbid  liquid,  weighing  116.7  g. 

After  several  distillations  in  vacuum  and  then  at  normal  pressure,  the  fraction  24-70*  at  5  mm  yielded  frac¬ 
tions:  1st  b.p.  105-108*  at  766  mm,  0.85  g;  2nd  b.p.  141-146*  at  777  mm,  22.5  g.  The  bulk  of  the  2nd  fraction 
(~80%)  distilled  at  143-146*.  After  several  distillations,  the  residue  weighing  116.7  g  yielded  fractions:  3rd  b.p. 
74-76*  at  7  mm,  7.2  g;  4th  b.p.  76-77*  at  7  mm,  14.5  g;  5th  b.p.  52.5-54.5*  at  1  mm,  6.4  g;  6th  b.p.  58*  at 
1  mm,  2.3  g. 

Investigation  of  fractions.  1st  fraction  b.p.  105-108*  at  766  mm  was  a  colorless  clear  liquid,  insoluble  in 
water  and  decolorizing  potassium  permanganate  solution  and  a  solution  of  bromine  '  in  carbon  teuachloride. 

ng  1.4353,  df  0.9799. 

Found  <70:  a  37.93,  37.72.  CgHjO.  Calculated  %  a  33.92. 

On  treatment  with  potassium  acetate  in  acetic  acid,  the  material  gave  a  small  amount  of  an  ester  with  the 
smell  of  isoamyl  acetate. 

The  fraction  was  an  unsaturated  monochloride,  apparently  2-methyl -4-chlorobutene -2  with  uaces  of  di- 
chloride  C5H10CI2. 

The  small  amount  of  the  material  prevented  careful  purification. 

Literature  data:  b.p.  107-110*,  df  0.9340  [13],  ng  1.4397,  d*®  0.9218  [14]. 

2nd  fraction  with  b.p.  141-146*  at  777  mm.  The  bulk  of  the  material  distilled  at  42.5-43.5*  (20  mm).  It 
was  a  colorless,  clear,  mobile  liquid.  It  was  not  soluble  in  water. 

ng  1.4475,  df  1.0805,  MRp  34.91;  calc.  35.02. 

Found  %  Cl  49.84,  49.91.  CsHjoaj .  Calculated  °k  Cl  50.28. 

The  fraction  was  the  dichloride  —  3,4-dichloro-2-methylbutane. 

Literature  data:  b.p.  143-145*,  d”'®  1.0923  [15]. 

3rd  and  4th  fractions  —  3-chloro-4-nitro-2-methylbutane.  This  was  a  colorless  liquid  with  a  sharp  smell 
and  a  lachrymatory  vapor.  It  was  insoluble  in  water,  but  readily  soluble  in  the  normal  organic  solvents. 

For  the  4th  fraction  with  b.p.  76-77*  at  7  mm: 

ng  1.4548,  df  1.1550,  MRp  35.60;  calc.  35.80. 

Found  %:  N  9.55,  9.47;  Cl  24.23,  24.13.*  M  150.4,  150.5.  CsHioOiNQ.  Calculated  ‘fe  N  9.24; 

*  a  23.39.  M  151.6. 

The  substance  did  not  give  a  qualitative  reaction  for  a  nitro  group  [11];  it  dissolved  in  alkalis  slowly  in  the 
cold  and  rapidly  on  heating  to  give  a  turbid  yellow  solution.  This  gave  a  strong  aldehyde  smell.  On  treatment 
with  alcoholic  KOH,  2  equiv.  of  alkali  were  consumed  to  give  an  immediate  precipitate  of  potassium  chloride. 

The  substance  did  not  change  during  many  months  storage  in  sealed  ampules. 

The  nitro  group  content  of  the  substance  was  determined  by  reduction  to  the  hydroxylamine  derivative  with 
zinc  amalgam. 

A  sample  of  the  substance  was  shaken  in  a  flask  with  zinc  amalgam  and  excess  dilute  hydrochloric  acid  at 
room  temperature.  The  completeness  of  the  reaction  was  determined  by  determining  the  zinc  ions  in  the  solution 
with  "trilone  B." 

Found  °lo:  NO^  32.0,  31.7;  number  of  NO|-group8  1.05,  1.04.  (C5H2oCl)NOj.  Calculated  NOi  30.3; 

number  of  N02-groups  1.00. 

•  Numerous  analyses  of  this  substance,  obtained  in  different  experiments  by  the  Carius  and  the  semimicro  Korshin 
methods,  always  gave  high  (by  0.7 -1.0  %)  chlorine  contents. 
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Conversion  of  3-chloro-4-nitro-2-inethylbutane  into  a-chloroisovaleric  acid  [10].  5,1  g  of  the  fraction 
with  b,p,  74-76*  at  7  mm  was  heated  with  10  ml  of  hydrochloric  acid  (d  1.19)  in  a  sealed  ampule  on  a  boiling 
water  bath  for  6  hours. 

On  opening  the  ampules,  it  was  found  that  pressure  had  not  been  generated  and  the  substance  remained  un¬ 
changed,  even  though  both  layers  had  become  yellow.  The  ampule  was  again  sealed  and  heated  for  2  hours  at 
130-140*.  The  upper  layer  decreased  and  became  a  brown  color.  The  ampule  was  opened  after  cooling  to  minus 
12-14*  and  considerable  pressure  had  been  generated.  In  the  bottom  of  the  ampule  were  white  crystals.  They 
were  separated  from  the  liquid  and  dried  in  a  vacuum  desiccator  over  phosphorus  pentoxide.  The  weight  was 
0.5  g;  the  crystals  were  ammonium  chloride.* 

The  oily  layer  was  separated  and  washed  3  times  with  water.  The  weight  was  2.73  g.  It  dissolved  in  10*^ 
sodium  hydroxide  solution.  On  distilling  in  vacuum,  it  yielded  a  fraction  with  b.p.  68.5-71.7*  at  2  mm  and  weigh¬ 
ing  1.35  g,  which  was  a  colorless  liquid  with  the  smell  of  an  organic  acid.  The  substance  crystallized  on  cooling; 
it  was  dried  on  a  porous  |date  in  a  vacuum  desiccator  over  phosphoms  pentoxide.  The  m.p.  was  37-39*.  The  neutral¬ 
ization  equivalent  of  the  substance  was  determined  by  titration  with  0.1  N  NaOH  in  an  aqueous  solution  in  the  pre¬ 
sence  of  phenolphthalein  and  the  chlorine  content  was  also  determined. 

Found  ’’ht  a  26,17,  26.20.  Equiv.  135.3,  136.8.  C5H90ja.  Calculated  Q  25,97.  Equiv.  136.5. 

Literature  data  [17];  m.p.  35-35.5*. 

5th  and  6th  fractions  (b.p.52.5-54.5  and  58*  at  1  mm)were  a  mixture  of  3-chloro-4-niuo-2-methylbutane 
and  the  acid  chloride  of  a-chloroisovalerohydroxamic  acid.  The  presence  of  the  acid  chloride  of  a-chloroiso- 
valerohydroxamic  acid  was  poved  by  quantitative  reactions.  On  heating  1  drop  of  the  substance  with  2-3  ml  of 
water  and  2-3  drop  of  ferric  chloride  solution,  a  pale  red  color  appeared,  which  turned  to  a  dark  red  color  with 
a  voilet  tinge  as  the  acid  chloride  was  hydrolyzed  (over  1  minute). 

For  the  fraction  with  b.p.  58*  at  1  mm;  n^  1.4820,  d*®  1.2414,  MRp  39.05;  calc.  39.35. 

Found  ‘fe  a  29.40,  29.19.  M  166.1,  163.4.  CgHjONa*.  Calculated  Q  41.70.  M  170.0.  CsHioOjNa. 

Calculated  <5b;  a  23.39.  M  151,6. 


SUMMARY 

1.  The  reaction  of  nitrosyl  chloride  with  isopopylethylene  in  an  ether  solution  gave,  as  the  main  products, 
3-chloro-4-nitro-2-methylbutane  and  3,4-dichloro-2-methylbutane. 

3-Chloro-4-nitroso-2-methylbutane,  4-chloro-2-methylbutene-2  and  the  acid  chloride  of  a-chloroisova- 
lerohydroxamic  acid  were  also  formed,  in  small  amounts,  in  this  reaction. 

2.  The  pimary  reaction  poduct,  3-chloro-4-nitroso-2-methylbutane,  was  oxidized  by  the  nitrosyl  chloride 
to  3-chloro-4-nitro-2-methylbutane  while  the  chlorine,  formed  by  decompoition  of  the  nitrosyl  chloride  reacted 
with  isopopylethylene  to  give  mainly  3,4-dichloro-2-methylbutane  and  a  small  amount  of  ah  unsaturated  mono¬ 
chloride. 
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THE  REACTIONS  OF  FREE  RADICALS  IN  SOLUTION 

XI.  THE  MECHANISM  OF  THE  INHIBITING  EFFECT  OF  QUINONES  ON  THE  THERMAL 
POLYMERIZATION  OF  STYRENE 

B.  A.  Dolgoplosk  and  D.  Sh.  Korotkina 


It  was  shown  in  the  preceding  investigation  [1]  that  phenols  and  aromatic  amines  are  not  in  themselves  in¬ 
hibitors  of  the  process  of  styrene  polymerization.  The  inhibiting  effect  of  these  compounds  is  observed  only  in 
the  presence  of  oxygen  or  heavy  meul  salts  which  are  capable  of  oxidizing  them  to  the  corresponding  quinoid 
compounds.  Investigations  by  various  authors  of  the  inhibiting  effect  of  quinones  on  the  thermal  polymerization 
of  styrene  have  not  as  yet  given  a  final  exjdanation  of  the  mechanism  of  this  reaction.  The  majority  of  authors 
[2],  occupied  with  this  problem,  have  shown  that  during  the  induction  period,  caused  by  the  presence  of  quinone, 
hydroquinone  and  condensation  products  of  quinone  and  styrene  are  formed  and  their  structure  has  not  yet  been 
definitely  established. 

This  investigation  was  devoted  to  studying  the  mechanism  of  the  inhibiting  effect'of  quinones  on  the  thermal 
polymerization  of  styrene. 


EXPERIMENTAL  AND  DISCUSSION  OF  RESULTS 


Inhibiting  effect  of  quinones  on  the  thermal  polymerization  of  styrene.  Unlike  the  effect  of  polyphenols 
and  aromatic  amines,  the  inhibiting  effect  of  quinones  is  characterized  first  of  all  by  the  fact  that  it  does  not  de¬ 
pend  qualitatively  on  the  presence  of  oxygen  and  appears  both  in  the  presence  of  air  and  in  an  atmosphere  of  nitrogen 


Fig.  1.  The  effect  of  different  quinones  on  the  po¬ 
lymerization  of  styrene  in  the  absence  of  oxygen. 
1)  Benzoquinone  (0.01  mole  %),  2)  the  same  (0.09 
mole  <^),  3)  naphthoquinone  (0.01  mole  %),  4)  an- 
thraquinone  (0.2  mole  %),  5)  without  inhibitor. 


Fig.  2.  The  kinetics  of  styrene  poly¬ 
merization  in  the  presence  of  benzo¬ 
quinone  at  100*. 

1)  Without  inhibitor,  2)  benzoquinone 
(0.1  weight  %),  3)  the  same  (0.3  weight 
‘jfc),  4)  the  same  (0.7  weight  ‘jb). 


The  results  of  examining  the  efficiency  of  different  quinones  are  given  in  Fig.  1. 


Benzoquinone  and  naphthoquinone  cause  a  long  induction  period;  the  fully  substituted  quinone,  anthraqui- 
none,  lacks  an  inhibiting  effect.  As  will  be  shown  below,  this  is  in  accordance  with  the  values  of  the  oxidation- 
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reduction  potential  of  the  quinone,  which  determines  its  capacity  to  change  into  the  benzenoid  form  on  reaction 
with  free  radicals. 

The  inhibiting  effect  of  quinones  is  connected  with  their  reaction  with  the  initial  active  centers,  arising  in 
the  thermal  activation  of  styrene.  Therefore,  as  Goldfinger  et  al.  showed  [3],  the  length  of  the  induction  period 
is  proportional  to  the  concentration  of  the  inhibitor.  In  Fig.  2  we  present  our  experimental  data  confirming  this 
relation. 

We  should  mention  that  with  an  increase  in  the  concentration  of  the  quinone,  we  observed  a  tendency  to¬ 
ward  the  reduction  of  the  rate  of  polymerization  after  the  induction  period,  which  was  caused  by  the  effect  of 
the  products  of  reaction  of  quinone  with  the  initial  active  centers.  The  length  of  the  induction  period  is  greater, 
the  lower  the  temperature  (Fig,  3), 


Fig.  3.  The  kinetics  of  styrene  polymeriza¬ 
tion  in  the  presence  of  0.1  weight  °]o  of  benzo- 
quinone  at  80*  (1),  100*  (2)  and  120“(3). 
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Fig.  4.  The  activation  energy 
from  the  values  of  the  Induction 
periods  (E  “  22.5  kcal/  mole), 
n  —  length  of  the  induction  period, 
T  ~  temperature. 


At  a  given  concentration  of  quinone,  the  following  relation  must  be  fulfilled: 


^1  _  **2 
/«2  «!  ’ 

where  n^  and  Xij.  are  the  lengths  of  the  induction  periods  at  the  temperatures  Tj  and  Tj  and  and  a.^  are  the 
numbers  of  initial  active  centers,  arising  at  the  same  temperatures  during  the  induction  periods  n^  and  nj. 

Substituting  the  corresponding  reciprocal  values  of  the  induction  periods  for  the  ratio  of  the  rates  of  form¬ 
ation  of  the  initial  active  centers  in  the  Arrhenius  formula,  we  can  calculate  the  activation  energy  of  the  process. 
The  value  of  the  activation  energy,  calculated  from  the  values  of  the  induction  periods  is  equal  to  22.5  kcal/  mole 
(Fig.  4). 

The  activation  energy,  calculated  from  kinetic  data  for  the  thermal  polymerization  of  styrene  (Figs,  5  and 
6)  equals  22.6  kcal/  mole. 

The  good  agreement  between  the  activation  energies  calculated  from  the  polymerization  kinetics  for  pure 
styrene  and  the  values  of  the  induction  periods  in  the  presence  of  benzoquinone  at  different  temperatures  indi¬ 
cates  that  all  the  active  centers  formed  during  the  thermal  activation  of  styrene  are  deactivated  during  the  induc¬ 
tion  period  by  reaction  with  the  inhibitor. 

The  mechanism  of  benzoquinone  inhibition  of  the  thermal  polymerization  of  styrene.  During  the  induction 
period  caused  by  the  presence  of  quinone,  the  latter  is  gradually  consumed  to  form  hydroquinone  and  other  pro¬ 
ducts  from  its  reaction  with  styrene.  In  Table  1  we  give  data  on  the  kinetics  of  the  consumption  of  benzoquinone 
and  the  formation  of  hydroquinone  in  the  thermal  polymerization  of  a  50  *5!)  solution  of  styrene  in  toluene  at  100*. 

The  data  given  in  the  tables  show  that  during  the  induction  period,  the  benzoquinone  is  gradually  consumed 
to  form  a  reaction  product  of  styrene  and  hydroquinone.  The  yield  of  hydroquinone  reached  35-37  %  of  the  initial 
benzoquinone  at  the  end  of  the  induction  period.  It  is  known  that  under  suitable  conditions  benzoquinone  is  a 
quite  strong  dehydrogenating  agent.  The  conversion  of  benzoquinone  Into  the  hydroquinone  may  be  the  result  of 
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its  reaction  with  the  polymer  (or  solvent)  or  the  reaction  products  formed  during  the  induction  period  of  the  poly¬ 
merization  process. 


Fig.  5.  The  effect  of  the  temperature 
on  the  rate  of  the  thermal  polymeriza 
tion  of  styrene  (E  -  22.6  kcal/  mole), 
1)  80*.  2)  100*,  3)  120*. 


log  s 


Fig.  6.  Activation  energy  from 
kinetic  data  (E  =  22,6  kcal/  mole), 
n  —  length  of  induction  period, 

T  —  temperature. 


TABLE  1 


Consumption  of  Benzoquinone  and  Formation  of  Hydroquinone  during  the  Thermal 
Polymerization  of  Styrene 


Composition  of 
polymerization 
mixture 


InhiblttK 


50<^  solution  of  sty 
rene  in  toluene 


Benzoquinone 


The  same 


Benzoquinone 


Pure  styrene 


Hydroquinone 


inhibitor 
taken  (as 
^  of  sty¬ 
rene) 

Length  of  heat¬ 
ing  at  100*  (in 
hours) 

Found  (as  c 
introduced' 

►f  inhibitor 

benzoquinone 

hydroquinone 

16 

56.5.  61.4 

3.5,  6.1 

20 

47.1  — 

13.1  - 

2.0 

32 

27.3,  25.9 

15.1,  17.0 

47 

6.3,  5.5 

35.7,  31.8 

66 

0.0,  0.0 

35.7,  36.S 

16 

53.8,  57.1 

5.7  - 

32 

—  — 

26.2,  26.0 

47 

20.7  - 

29.3  — 

66 

o 

o 

o' 

d 

36.8,  37.0  , 

1 

0.0 

99.2 

1.0 

5 

0.0 

99.9  ■ 

144 

0.0 

95.2 

To  check  the  possibility  of  the  benzoquinone  dehydrogenating  the  polymer  chain  and  the  solvent,  we  heated 
solutions  of  benzoquinone  containing  polystyrene  and  suitable  solvents  at  100*.  1  %  benzoquinone  was  added  to 
the  solutions. 

The  experimental  dau  obtained  are  given  in  Table  2. 

The  data  given  in  Table  2  show  that  {tactically  no  dehydrogenation  of  the  finished  {)olymer  chain  or  the 
solvent  by  the  quinone  occurs  under  the  conditions  of  {x>lymerlzation.  From  this  it  follows  that  the  formation 
of  hydroquinone  is  connected  in  some  way  with  the  act  of  {>olymerization  inhibition.  The  product  of  the  reaction 
of  benzoquinone  and  styrene,  which  we  isolated  after  heating  the  latter  for  a  long  time  with  7-10  %  quinone  at 
100*,  was  recrystallized  several  times  from  benzene  to  form  a  light  yellow,  crystalline  substance,  which  could  be 
se{)arated  into  two  fractions  with  different  melting  points  by  the  solubility  of  benzene;  product  1  —  115-130*, 
product  2  — 185-205*. 
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OH^oHs 


CbHk 


\ 


CHCHjCHjCH 


OH 


Product  1 


fl 

Y 


Product  2 


The  presence  of  2  molecules  of  styrene  (and  not  one)  in  the  initial  reaction  product  indicates  that  the  ini- 
tial  active  center  in  the  thermal  polymerization  of  styrene  is  a  biradical  formed  from  monomer  molecules  [5]. 

The  biradical  formed  in  the  thermal  activation  of  styrene  may  have  two  basic  structures 


(2C6H5CH=CH2l 


— CH2CHCHCH2- 

/ 

\  CcHs  CgHs 

I  I 

-CHCH2CH2CH- 


(I) 

(II) 


We  consider  the  formation  of  structure  (II)  more  probable  as  it  corresponds  to  the  most  stable  form  of  the 
radical. 

The  formation  of  a  considerable  amount  of  hydroquinone  (35  -  37  %  of  the  quinone  taken)  is  caused  by  dis¬ 
proportionation  reactions  between  the  products  formed. 


TABLE  2 


Medium 

Time  of 
heating  (in 

Found  (as  •’Jo  of  initial 
benzoquintxie) 

hours) 

:  benzoquinone 

10<7o  solution  of  poly- 

0 

7 

0.0 

0.0 

100.4 

95.8 

styrene  In  ethyl-  < 

12 

0.0 

94.2,  96.0 

benzene  [ 

15 

0.0 

97.5,  96.5 

Ethylbenzene  | 

36 

78 

2.3 

2.3 

100 

102.5 

1 

5 

2.4 

95.3 

Isopropylbenzene  | 

36 

78 

2.3 

2.3 

95.3 

93.0 

The  molecular  weight  of  the  products  indicated  was  determined  cryoscopically  and  by  Rast's  method.  The 
molecular  weights  of  the  two  fractions  of  the  condensation  product  of  styrene  and  quinone  were  identical  and 
equalled  430.  The  elementary  composition  of  the  products  is  given  in  Table  3. 

The  elementary  compositions  and  the  molecular  weights  of  the  two  products  were  identical.  By  acetylation 
it  was  established  that  product  1  contained  about  two  (2.3)  hydroxyl  groups  and  that  hydroxyl  groups  were  absent 
from  product  2.  The  elementary  composition  and  the  molecular  weights  of  the  products  we  isolated  corresponded 
to  the  compound 

From  the  oxygen  and  hydroxyl  group  contents  and  the  molecular  weights,  the  products  we  isolated  may  be 
preliminarily  assigned  the  stmcture  of  the  condensate  of  (product  1)  with  excess  benzoquinone.  This  was  estab" 
lished  by  tunning  a  reaction  between  product  1  and  benzoquinone  in  ethylbenzene  solution  at  100*  (Table  4). 

After  cooling,  crystals  of  hydroquinone  cqme  down  from  the  mixture.  The  amount  of  hydroquinone  formed 
and  unreacted  quinone  was  determined  by  an  accepted  method  [4],  as  it  was  established  that  the  presence  of  ccm- 
densation  products  in  the  mixture  did  not  interfere  with  this  determination. 
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TABLE  3 


Number  of 

Average 

molecular 

weight 

Substance  analyzed 

B 

H 

hydroxyl 

Product  1 

78.5 

5.3 

2.3 

430 

Product  2 

78.5 

5.3 

0.0 

430 

Acetylated  condensatirxi  pro~ 
duct  No.  1 

76.2 

5.5 

— 

480 

Condensation  product  of  2 
molecules  of  styrene  with  2 
molecules  . of  quinone  (theo** 
redcal  calculation) 

79.2 

5.7 

1 

1 

424 

TABLE  4 


Taken 

Time  of 

1  Found 

Starting  material 

product 
(in  ^ 

benzoqui- 

reaction 

1  hydroquinone 

1  benzoqulnrme 

none 

[In  hours) 

ai 

(as  ^  of 

(in  g) 

benzooui' 

L  ntxie) 

(  in  ^ 

lljjgj 

Condensation  / 

0.1000 

0.0308 

1 

0.0145 

47.1 

0.0163 

53.0 

product  No.  1  1 

0.1953 

0.0507 

3 

0.0425 

83.8 

0.0820 

16.15 

We  should  mention  that  the  elementary  composition  of  product  1,  after  disproportionation  with  benzoquinone 
corresponded  to  the  elementary  composition  of  the  starting  compound  and  did  not  contain  phenol  groups  (Table  5). 


TABLE  5 


Substance  analyzed 

Content  (in 

Average 
molecu¬ 
lar  wt. 

Number  of 

hydroxyl 

groups 

B 

H 

Product  1,  after  dispro-f 
pcNTtionation  by  ben-  | 
zoquintxie  ( 

78.0 

78.0 

5.7 

5.5 

430 

0.0 

0.13 

The  condensation  products  of  benzoquinone  and  styrene  are  inhibitors  of  the  polymerization  process  and 
cause  (in  the  absence  of  oxygen)  a  long  induction  period  (Fig.  7).  As  would  be  expected,  product  2,  which  con¬ 
tains  more  quinoid  groups,  shows  a  stronger  inhibiting  effect. 

Under  actual  conditioru,  i.e.  in  the  presence  of  oxygen,  the  inhibiting  effect  of  benzoquinone  on  the  thermal 
polymerization  of  styrene,  determined  by  the  length  of  the  induction  period,  considerably  exceeds  the  effect  of 
corresponding  amounts  of  benzoquinone  in  a  nitrogen  atmosphere  (Fig.  8). 

In  the  absence  of  oxygen  hydroquinone  does  not  cause  an  induction  period.  Under  the  same  conditions,  the 
corresponding  amount  of  benzoquinone  causes  an  induction  period  of  6  hours.  Meanwhile,  in  the  {nresence  of  benzo¬ 
quinone  or  hydroquinone  in  an  atmosphere  of  air,  the  polymerization  of  styrene  does  not  begin  after  16  hours. 

The  experimental  data  given  above  permit  the  following  conclusions. 

During  the  induction  period,  benzoquinone  reacts  quantitatively  with  the  initial  active  centers,  which  is 
shown  by  the  com^dete  cessation  of  the  polymerization  reaction.  As  a  result,  condensation  jxoducts  and  hy¬ 
droquinone  are  formed.  The  latter  is  reoxidized  to  quinone  in  the  presence  of  oxygen  and  thus  is  capable 
of  further  reactions  with  free  radicals,  which  also  exjdains  the  considerable  increase  in  the  induction 
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period  in  the  presence  of  oxygen. 


r  o 


inhibition 

I 


and  type  2 
prowct 


OH 

and  type  1 
product 
OH 


quinone 

T 


hydroquinone  or  alkyl- 
nydroquinone 


oxidation 


Fig.  7.  The  effect  of  condensation  products 
1  and  2  on  the  polymerization  of  styrene  in 
the  absence  of  oxygen. 

1)  Condensation  product  2  (0.099  mole 

2)  condensation  product  1  (0.099  mole  %), 

3)  without  inhibitor. 


Fig.  8.  Polymerization  of  styrene  in 
the  presence  of  hydroquinone  and  benzo- 
quinone  in  atmosi^eres  of  nitrogen  and  air. 

1)  Hydroquinone  (0.07  mole  Ifc)  in  nitrogen, 

2)  the  same  in  air,  3)  benzoquinone  (0.07 
mole  ’’h)  in  nitrogen,  4)  the  same  in  air. 


The  length  of  the  induction  period  is  determined  by  the  length  of  the  ?*life*  of  the  reversible  system.  The 
cycle  is  broken  either  after  complete  consumption  of  the  benzoquinone  or  after  exhaustion  of  the  oxygen,  if  the 
reaction  is  proceeding  in  a  closed  system. 


TABLE  6 


Name  of  inhibitor 

Concentra- 
tioa(  in 
mole 

Molecular 

weight 

Without  inhibitor 

_ 

290000 

Benzoquinone 

0.09 

256000 

Benzoquinone 

1.0 

87000 

Naphthoquinone 

0.47 

133500 

Anthraquinone 

0.47 

301500 

Condensation  product  1 

0.03 

102000 

Hydroquinone 

0.47 

107600 

The  effect  of  inhibitors  on  the  molecular  weight  of  polystyrene.  In  Table  6  we  present  data  on  the  effect 
of  various  quinones,  hydroquinone  and  condensation  product  1,  containing  phenol  groups,  on  the  molecular 
weight  of  polystyrene. 

Anthraquinone  does  not  have  any  effect  on  the  molecular  weight,  which  agrees  with  the  absence  of  an 
inhibiting  effect  on  the  polymerization.  Benzoquinone  and  naphthoquinone  stop  the  process  at  the  initial  stage 
and  the  polymerization  process  only  begins  after  complete  consumption  of  the  quinone.  The  decrease  in  the  mo- 
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lecular  weight  of  the  polymer  in  the  presence  of  the 
quinone  is  caused  by  the  effect  of  the  products  formed 
during  the  induction  period  (hydroquinone  etc.).  In 
connection  with  this  we  must  mention  the  special  effect¬ 
iveness  of  product  1,  which  showed  a  very  strong  effect 
on  the  molecular  weight  after  the  induction  period 
(Fig.  9).  Apparently,  this  phenomenon  is  connected 
with  the  greater  lability  of  the  hydrogen  (in  the  OH 
group)  in  alkylhydroquinones  in  comparison  with  hydro¬ 
quinone. 

tion  on  the  molecular  weight  of  polystyrenes, 

1)  Hydroquinone,  2)  condensation  product  of 

styrene  and  benzoquinone  1,  3)  benzoquinone. 

EXPERIMENTAL  METHOD 

Experimental  set-up.  For  performing  experiments  in  the  absence  of  oxygen,  we  used  the  apparatus  and 
method,  described  in  a  previous  paper  [1].  The  polymerizations  were  performed  In  dilatometers  at  100  ±  0.2*. 

Determination  of  hydroquinone  and  quinone.  The  hydroquinone  was  determined  by  oxidizing  it  with  0.05 
N  iodine  solution  in  an  acetic  acid  medium.  The  excess  iodine  was  titrated  with  hyposulfite  [4]. 

The  quinone  was  determined  by  reduction  with  excess  potassium  iodide  in  an  acid  medium,  with  subsequent 
titration  of  the  iodine  liberated  with  a  0,05  N  solution  of  hyposulfite  [4]. 

Isolation  of  the  reaction  [»oducts  of  benzoquinone  and  styrene.  The  reaction  products  were  isolated  after 
heating  styrene  with  7-10%  of  benzoquinone  at  100*  for  7-10  days.  On  cooling  the  solution,  a  precipitate  formed, 
which  was  recrystallized  several  times  from  benzene  to  give  the  condensation  products  of  styrene  and  benzoquinone. 
The  molecular  weights  of  the  given  compounds  were  determined  cryoscopically  by  East's  method.  The  molecular 
weight  of  polystyrene  was  determined  viscometrically  [1], 

SUMMARY 

The  effect  of  various  quinones  on  the  kinetics  of  the  thermal  polymerization  of  styrene  and  on  the  molecular 
weight  of  the  polymer  was  studied.  The  composition  of  the  benzoquinone  reaction  products  formed  during  inhi¬ 
bition  of  polymerization  was  investigated.  We  examined  the  problem  of  the  jvocess  mechanism  on  the  basis  of 
the  results  obtained. 


Fig.  9.  The  effect  of  inhibitor  concentra- 
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THE  REACTIVITY  OF  ALLYL  DERIVATIVES  OF  TIN 


M.  M,  Koton  and  T.  M.  Kiseleva 


Derivatives  of  tin  with  various  alkyl  and  aryl  radicals  have  been  studied  quite  thoroughly,  but  up  to  the 
present  time  tin  compounds  with  a  double  bond  in  the  hydrocarbon  radical  have  been  little  investigated.  In  order 
to  study  the  reactivity  of  unsaturated  tin  compounds  we  synthesized  allyltriphenyltin,  diallyldiplienyltin  and  tetra- 
allyltin  and  investigated  their  heat  stability,  reactions  with  acids  and  capacity  for  polymerization  and  copoly¬ 
merization  with  various  vinyl  compounds  (styrene,  methyl  methacrylate,  vinyl  acetate). 

The  allyl  derivatives  of  tin  were  found  to  be  heat  stable  compounds  up  to  170*  and  it  required  long  heating 
(24-48  hours)  at  170*  for  diphenyldiallyltin  to  undergo  partial  symmetrization  to  form  heat  stable  tetraphenyltin, 
while  the  tetraallyltin  decomposed  to  form  a  monoallyl  derivative  of  tin,  metallic  tin,  SnO|  and  diallyl.  Thus, 
when  arranged  according  to  their  heat  stability,  the  allyl  derivatives  of  tin  that  were  studied,  form  the  series: 
allyltriphenyltin  >  diallyldiphenyltin>  tetraallyltin. 

Tetraallyltin  reacted  vigorously  with  alcohol  solutions  of  HCl  to  form  propylene  and  SnCl4  by  the  equation 

(C3H5)4Sn-»-4HCl  -►  4C3H*4-SnCl4 

Under  the  same  conditions  diallyldiphenyltin  gave  {wopylene,  benzene,  (CfH5)2SnCl|  and  SnCl4.  Allyltri¬ 
phenyltin  was  the  most  stable  and  50  °lo  of  it  decomposed  under  these  conditions  to  form  benzene,  propylene  and 
SnCl4.  By  treating  allyltriphenyltin  with  iodine  in  a  xylene  solution  the  allyl  radical  was  sjdlt  out  and  triphenyl - 
tin  iodide  was  formed  [1],  by  the  equation 

CsH5Sn(C,H5)j+  I,-^CsH5l+  (C,H5)3SnI 

Tetraallyltin  reacted  vigorously  with  formic  acid  at  room  temperature  with  the  evolution  of  propylene  and 
the  formation  of  tin  tetraformate 

(C3H5)4Sn-^4HCOOH  4C3Hs-i-(HCOO)4Sn 

which,  under  the  experimental  conditions,  was  converted  into  a  basic  salt  with  the  composition  (HCOO)Sn(OH)3. 

Diallyldiphenyltin  reacted  with  formic  acid  at  50*  by  the  equation 

(C3H5)2Sn(C6H6)2-»-4HCOOH  ->  2C3H6-1- 2CeH9-i- (HCOO)4Sn 

Allyltriphenyltin  reacted  with  formic  acid  only  at  90*  and  decomposed  comjdetely  to  form  benzene,  propylene 
and  a  basic  salt  (HC(X))Sn(OH)9. 

The  results  obtained  agree  well  with  the  dau  obtained  earlier  by  one  of  the  authors  [2]  when  studying  the 
reaction  of  tetraphenyltin  with  formic  acid,  a  reaction  which  started  only  at  100*  and  was  accompanied  by  com¬ 
plete  decomposition  of  tetraphenyltin  to  form  benzene  and  (HC(X>)Sn(OH)s.  Thus,  the  allyl  derivatives  of  tin  form 
a  series  according  to  their  reactivity:  tetraallyltin >  diallyldiphenyltin  >allyltrii^enyltin.  Consequently,  the  in¬ 
troduction  of  an  allyl  radical  into  a  molecule  of  an  organotin  compound  raises  its  reactivity.  In  reacting  with 
ethyl  alcohol  at  130*,  tetraallyltin  decomposed  completely  to  form  propylene  and  sunnic  hydroxide  by  the  equation 

(^3115)4811 -I- 4C2H6OH  — ►  4C3Hg Sn(OC2H6)4 
HOH 

Sn(OC2H5)4 - Sn(0H)4-»-C2H50H 
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We  attempted  to  study  the  polymerization  and  copolymerization  capacity  of  allyl  derivatives  of  tin.  It  was 
found  that  the  allyl  derivatives  of  tin  do  not  block  polymerize  in  the  presence  or  absence  of  initiators  (the  azodi> 
nitrile  of  isobutyric  acid). 

We  then  devised  experiments  to  study  the  effect  of  the  addition  of  allyl  derivatives  of  tin  (5  %  by  weight) 
on  the  polymerization  of  styrene,  methyl  methacrylate  and  vinyl  acetate  at  120*,  In  the  experiments  with  styrene, 
the  clear,  colorless  masses  obtained  were  dissolved  in  benzene  and  then  precipitated  with  methanol.  After  two 
successive  reprecipitations,  the  styrene  polymers  were  dried  to  consunt  weight  and  we  determined  their  tin  con- 
tent,  which  was  from  0,35  to  4,03  %  depending  on  the  nature  of  the  allyl  derivatives  of  tin  (Table  1).  A  consider¬ 
able  slowing  down  of  the  polymerization  and  a  fall  in  polymer  yield  was  observed  in  the  experiments  with  methyl 
methacrylate  and  vinyl  aceute.  This  effect  was  more  noticeable  when  more  allyl  gro>ips  were  in  the  molecule 
of  the  organotin  compounds  (Table  2). 


TABLE  2 


TABLE  1 


The  Polymerization  of  Methyl  Metha¬ 
crylate  and  Vinyl  Acetate  in  the  Presence 
of  Allyl  Derivatives  of  Tin 


Organotin 

compound 

Polymeriza¬ 
tion  time 
(hours) 

Yield  of  re- 
precipitated 
polymer  Cin 

_ 

Tin  content 
of  polymer 
(inio) 

2 

18.09 

(OgHslSniCaHsls  . 

2 

17.10 

035 

(C3H5)2Sn(CgH5)2 

2 

18.0 

0.65 

(C3H5)4Sn  .... 

2 

19.6 

0.62 

— 

4 

31.2 

— 

(C3H5)Sn(CgH5)3  . 

4 

28.9 

0.36 

(C3H5)4Sn  .... 

4 

213 

4.03 

The  polymerization  of  Methyl  Methacrylate 
and  Vinyl  Acetate  in  the  Presence  of  Allyl 
Derivatives  of  Tin 


1 

.  "O 

d 

Mcmomer 

Organotin 

compound 

.3  (U  _ 

BCg 

•satN 

tt)  S-a 

si 

:r<>l  M  P 
^  CX|Q4 

2 

96.05 

(03H5)S 

(QHshSn  .  .  . 

2 

35.80 

Methyl 

methac- 

2 

2 

4 

28.20 

1.08 

99.50 

rylate 

(C3H5)Sn(CeH5)3 

4 

60.90 

(C3H5)2Sn(CeH5)2 

4 

48.50 

(^3115)4811  .  .  . 

4 

5.60 

Vinyl  / 

(C3H5)4Sn  .  .  . 

2 

0.90 

acetate  1 

(C3H5)4Sn  .  ,  . 

4 

1.02 

Tetraallyltin  was  found  to  be  an  effective  inhibitor  of  methyl  methacrylate  and  vinyl  acetate  polymeriza¬ 
tion.  Thus,  without  tetraallyltin,  methyl  methacrylate  gave,  under  the  experimenul  conditions,  a  polymer  yield 
of  96-99  %,  and  in  the  presence  of  5  %  by  weight  of  tetraallyltin  the  polymer  yield  decreased  under  the  same  con¬ 
ditions  to  0.9  -  5,6%.  Such  a  strong  inhibiting  effect  of  tetraallyltin  was  apparently  due  to  its  capacity  for  captur¬ 
ing  free  radicals.  In  order  to  check  the  accuracy  of  this  hypothesis,  we  used  methylphenyltriazene  decomposition 
in  hydrocarbon  media  [3],  which  proceeds  with  the  formation  of  the  methane  by  the  equations 


CH3-N=N— NH-CgHg  -►  CHg  •  Nj  -<-  •  HNCgHg 


CHg  •  -*-RH  CH4-1-R  . 


In  methylphenyltriazene  decomposition  in  a -olefins,  the  amount  of  methane  falls  sharply  due  to  the  addition 
of  methyl  radicals  to  the  double  bond.  One  could  assume  that  tetraallyltin  would  also  add  methyl  radicals.  For 
this  purpose  methylphenyltriazene  was  decomposed  at  100*  in  a  cumene  medium  with  the  addition  of  0.5  mole 
of  tetraallyltin  and  it  was  shown  that  the  amount  of  methane  in  the  gas  was  25-27  %  instead  of  the  usual  50  %  of 
the  theoretical.  The  formation  of  methane  in  methylj^enyltriazene  decomposition  could  be  completely  suppressed 
by  increasing  the  amount  of  tetraallyltin  added. 

Thus,  it  was  shown  that  the  strong  inhibition  of  methyl  methacrylate  and  vinyl  acetate  polymerization  by 
tetraallyltin  was  closely  related  to  its  capacity  for  reacting  with  free  radicals,  formed  during  the  polymerization 
of  vinyl  compounds. 

EXPERIMENTAL 

Tetraallyltin  was  prepared  from  allylmagnesium  bromide  and  SnClg  in  benzene  solution  [4]  in  the  form  of 
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a  colorless  liquid  with  b.p.  87-88*  (4  mm),  1.5324  (1.5330  [4]  ), 

Found  °]<n  Sn  41.30,  Ci2H2oSn.  Calculated  ’’Jot  Sn  42.04. 

Diallyldiphenyltin  was  prepared  from  allylmagnesium  bromide  and  di{^enyltln  dichloride  [5]  in  the  form 
of  a  colorless  liquid  with  b.p.  170-173*  (5  mm),  n^  1,6008  (1.6025  [5]  ).  The  yield  was  48 

Found  ^01  Sn  33.9.  CuHjoSn.  Calculated  Sn  33.43. 

Allyltriphenyltin  was  prepared  from  allylmagnesium  bromide  and  triphenyltln  chloride  [5]  as  crystals  with 
m.p.  73-74*  (73-75*  [5]  ).  The  yield  was  62.5  % 

Found  'lot  Sn  30.71.  C2iH2oSn.  Calculated  Sn  30.43. 

All  the  analyses  for  the  tin  contents  of  the  organic  compounds  were  by  the  method  of  Gilman  and  Rosen¬ 
berg  [6]. 

Thermal  decomposition  of  allyl  derivatives  of  tin.  On  heating  1  g  of  tetraallyltin  in  a  sealed  ampule  for 
96  hours  at  up  to  170*,  no  change  was  observed,  but  at  170*, decomposition  occurred.  After  heating  at  170*  for 
24  hours,  the  substance  yielded  0.07  g  of  an  infusible,  insoluble  material,  containing  61.06  ‘^btin  and  correspond¬ 
ing  in  composition  to  CH2  =  CH  —  CH2Sn(OXOH)  (61.6  ^  tin).  After  48  hours  heating  at  170*,  the  tetraallyltin 
decomposed  to  form  metallic  tin,  diallyl  and  SnOj,  On  heating  0.5  g  of  tetraallyltin  in  the  presence  of  0.1  ‘Jfc  of 
the  azodinitrile  of  isobutyric  acid  in  a  sealed  ampule  and  gradually  raising  the  temperature  to  160*  over  a  period 
of  108  hours,  the  greater  part  of  the  tetraallyltin  (80  %)  remained  unchanged  and  there  was  also  formed  0.05  g  of 
a  white,  infusible  substance  containing  55.1  %  tin  and  corresponding  in  composition  to  (CH2  =  CH  ~  CH2)2SnO 
(54.8  %  tin). 

On  heating  1  g  of  diallyldiphenyltin  in  a  sealed  ampule  at  160*  for  96  hours,  no  change  at  all  was  observed, 
but  above  160*  (up  to  170*)  partial  symmetrization  occurred  to  form  0.1  g  of  tetraphenyltin  with  m.p.  222-224* 

(  found  %:  Sn  27.2,  calculated  -^os  27,86). 

On  heating  1  g  of  allyltrijrfienyltin  in  a  sealed  ampule  at  170*  for  120  hours  there  was  no  change  and  the 
substance  was  recovered  unchanged  on  cooling  the  ampule. 

The  reaction  of  the  allyl  derivatives  of  tin  with  an  alcohol  solution  of  HCl.  In  all  the  experiments,  0.5  g 
portions  of  the  allyl  derivatives  of  tin  were  placed  in  ampules,  which  were  cooled  in  a  bath  of  solid  carbon  di¬ 
oxide,  and  then  2  ml  of  an  alcohol  solution  of  HQ  was  added. 

On  treating  tetraallyltin  with  an  alcohol  solution  of  HQ  at  room  temperature,  a  vigorous  reaction  occurred 
with  the  voilent  evolution  of  an  inflammable  gas,  which  decolorized  a  solution  of  Br2  in  CQ4,  After  evaporating 
off  the  CQ4,  we  isolated  1,2-dibromopropane  with  b.p,  140.1*.  Thus  it  was  proved  that  the  gas  was  propylene. 
The  alcohol  solution  was  diluted  with  water  and  neutralized  with  NaOH;  we  then  observed  the  quantitative  preci¬ 
pitation  of  stannic  hydroxide,  which  was  determined  as  Sn02  ( found  0.25  g  Sn02;  calculated  0.266  g). 

Under  the  same  conditions  diallyldiphenyltin  reacted  with  an  alcohol  solution  of  HQ  to  give  propylene  and 
benzene;  diluting  the  alcohol  solution  with  water  yielded  a  precipitate  (0.09  g  —  22  “JS))  of  diphenyltin  oxide 
(found  Vo:  Sn  39,3.  CjaHioSnO;  calculated  Vo:  Sn  41.17).  After  adding  NaOH  solution,  the  stannic  hydroxide 
was  determined  as  SnOj  (  found  0.1  g,  calculated  0.122  g). 

Under  similar  conditions  allyltriphenyltin  formed  propylene,  benzene  and  Sn02  (found  0.08  g,  calculated 
0.10  g)  and  left  0.25  g  (50  Vo)  of  unreacted  starting  material. 

The  reaction  of  allyltriphenyltin  with  iodine.  0.325  g  of  iodine  was  added  in  small  portions  to  a  solution 
of  0,5  g  of  allyltrii^enyltin  in  2  ml  of  xylene,  heated  to  boiling,  and  then  the  liquid  was  boiled  for  4  hours.  The 
xylene  was  evaporated  off  and  the  residue  recrystallized  from  petroleum  ether  to  give  crystals  of  triphenyltin  io¬ 
dide  with  m.p.  115-117*  (117-119*  [7]  ). 

Found  Vo:  Sn  25.10,  C^gH^Snl.  Calculated  Vo:  Sn  24.90, 

The  reaction  of  the  allyl  derivatives  of  tin  with  formic  acid.  On  adding  0,75  ml  of  formic  acid  to  0,5  g  of 
tetraallyltin,  a  vigorous  reaction  immediately  occurred  with  the  evolution  of  heat  and  the  liberation  of  propylene. 
After  working  up  the  reaction  mixture,  we  obtained  0.35  g  (calculated  0.38  g)  of  a  white,  infusible,  insoluble  sub¬ 
stance,  which  corresponded  in  composition  to  (HCOO)Sn(OH)3. 
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Found  lot  Sn  55.6.  CH^sSn.  Calculated  "ht  Sn  55.35. 

On  heating  0.5  g  of  dlallyldiphenyltln  with  0.75  ml  of  formic  acid  in  a  sealed  ampule  for  3  hours  at  50*, 
we  detected  benzene,  propylene  and  0.26  g  (calculated  0.303  g)  of  (HCOO)Sn(OH)3.  On  heating  0.5  g  of  allyl- 
triphenyitin  with  0.75  ml  of  formic  acid  at  50*,  the  reaction  did  not  go,  but  after  additional  heating  for  3  hours 
at  90*,  we  observed  the  evolution  of  propylene  and  the  formation  of  benzene  and  0.25  g  (calculated  0.275  g)  of 
(CHOO)Sn(OH)j. 


The  reaction  of  tetraallyltin  with  ethyl  alcohol. 


As  a  result  of  heating  0.3  g  of  tetraallyltin  and  3  ml  of 


ethyl  alcohol  in  a  sealed  ampule  for  3  hours  at  130*,  propylene  and  0.15  g  (calculated  0.16  g)  of  SnO|  were  formed. 


Found  °lot  Sn  61.70.  SnO|.  Calculated  lot  Sn  63.30. 


Experiments  on  the  ptdymerizatlon  and  copolymerization  of  allyl  derivatives  of  tin.  The  allyl  derivatives 
of  tin  did  not  block  polymerize  on  heating  to  160*  both  in  the  absence  of  initiators  and  in  the  presence  of  0.1 
of  isobutyric  azodiniuile.  All  the  experiments  on  the  copolymerization  of  allyl  derivatives  of  tin  with  vinyl  mo¬ 
nomen  (styrene,  methyl  methacrylate  and  vinyl  acetate)  were  carried  out  at  120*  for  periods  of  2  and  4  houn  with 
a  ratio  of  95  weight  %  of  the  monomers  to  5  weight  %  of  the  tin  derivatives.  The  polymers  obtained  were  disserved 
in  benzene,  precipitated  with  methanol  and  dried  to  constant  weight.  The  results  of  the  experiments  are  given  in 
Tables  1  and  2. 


SUMMARY 


1.  It  was  shown  that  when  arranged  according  to  their  heat  stability,  the  allyl  derivatives  of  tin  form  the 
series:  allyltriphenyltin  >  diallyldiphenyltin  >  tetraallyltin. 

2.  It  was  shown  that  in  reactions  with  HCl  and  formic  acid  the  allyl  derivatives  of  tin  may  be  arranged 
according  to  their  reactivity  in  the  series:  tetraallyltin  >  diallyldiphenyltin  >  allyltriphenyltin. 

3.  Allyl  derivatives  of  tin  with  aromatic  radicals  and  tetraallyltin  do  not  block  polymerize. 

4.  Tetraallyltin  is  an  effective  inhibitor  of  methyl  methacrylate  and  vinyl  acetate  polymerization. 
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PRODUCTION  OF  2 -FLUOROET HYL  ETHER  OF  ETHYLENE  GLYCOL 


Yu.  M.  Zinovyev,  V.  N.  Kulokova  and  L.  Z.  Soborovsky 


The  2-fluoroethyl  ether  of  ethylene  glycol  was  first  described  by  Knunyants,  Kildisheva  and  Petrov  [1]  by 
synthesis  from  ethylene  oxide  and  2-fluoroethanol. 


CHzCHgO-^FCHaCHjOH  FCH2CH2OCH2CH2OK 

The  reaction  was  effected  under  pressure  with  prolonged  heating  of  the  reagents,  in  the  molar  ratio  of  1  :  3 
(54  hrs,  180*,*  in  a  steel  container). 

We  have  found  that  the  2-fluoroethyl  ether  of  ethylene  glycol  is  easily  obtained  by  treating  2-fluoroethanol 
with  metallic  sodium.  Yield  of  the  ether  in  this  case  was  more  than  70*70.  At  the  same  time,  in  approximately 
theoretical  amounts,  sodium  fluoride  and  gaseous  hydrogen  were  formed.  Evidently  the  reaction  proceeds  in  two 
stages:  at  first  sodium  2-fluoroethylate  is  formed,  which,  with  excess  2-fluoroethanol,  yields  the  required  ether. 

2FCH2CH2OH  -+-  2Na  2NaOCH2CH2F  Hj 
2FCH2CH20Na-i-2FCH2CH20H  2FCH2CH2OCH2CH2OH -4- 2NaF 

The  reaction  described  in  the  present  work  indicates  the  relative  mobility  of  the  fluorine  atoms  in  the  2- 
-fluoroethanol  molecule. 

EXPERIMENTAL 

34.71  g  of  2-fluoroethanol,  prepared  according  to  Hoffman  [2],  was  placed  in  a  distillation  flask,  and  2  g 
metallic  sodium  gradually  added.  During  the  reaction  the  flask  was  cooled  with  ice -water.  On  completion  of 
solution  of  the  sodium  the  unreacting  2-fluoroethanol  (21.4  g)  was  first  distilled  off  from  the  reaction  mass,  and 
then  a  substance  boiling  at  58-62*  (7  mm).  With  a  second  distillation  7.99  g  of  substance  separated.  Yield  cal¬ 
culated  on  the  2-fluoroethanol  used  was  71.5  I0,  and,  on  the  metallic  sodium,  85.0  ‘7o. 

B.  p.  169-171",  df  1.1216,  ng  1.4070,  MRj)  23.81;  calc.  23.81. 

Found  %  C  44.30,  44.41;  H  8.92,  8.77.  C4H^2F.  Calculated  %  C  44.43;  H  8.39. 

SUMMARY 

1.  It  has  been  shown  that  2-fluoroethanol,  when  reacted  with  metallic  sodium,  easily  forms  with  good  yield, 
the  2-fluoroethyl  ether  of  ethylene  glycol. 

2.  Unlike  the  di-  and  trifluoroethanols,  forming  relatively  stable  alcoholates  of  sodium,  it  was  not  possible, 
with  2-fluoroethanol,  to  separate  a  stable  alcoholate,  because  this  latter,  with  excess  alcohol,  is  at  once  converted 
into  the  2-fluoroethyl  ether  of  ethylene  glycol. 
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ON  THE  MECHANISM  OF  REGROUPING  a-  INTO  6 -N  A  PHT  H  A  LE  NE  SULFONIC  ACID 


F.  M.  Vainshtein  and  E.  A.  Shilov 


We  showed  recently  that  the  reversible  regrouping  of  o-  and  p-toluenesulfonic  acids  in  concentrated  sulfuric 
acid  proceeds  completely,  or  nearly  so,  by  way  cf  hydrolysis  and  sulfonation  of  the  toluene  formed,  and  not  as  an 
intramolecular  process  [1].  However,  it  must  be  admitted  that,  in  this  case,  the  stereochemical  conditions  are  not 
favorable  for  intramolecular  displacement  of  the  sulfo  groups  (meta -migration).  Such  steric  hindrances  do  not 
exist  in  the  displacement  of  the  sulfo  groups  towards  the  neighboring  atom  of  carbon  (ortho  migration).  The  in¬ 
tramolecular  method  of  transposing  the  sulfo  group  becomes  more  probable  in  the  ortho  migration. 

The  regrouping  of  oc-  into  d -naphthalenesulfonic  acid  presents  such  a  case.  For  this  reaction  results  have 
been  obtained  that  indicate  the  role  of  hydrolysis  in  its  mechanism  [2-5].  More  especially  it  is  known  that  a- 
-naphthalenesulfonic  acid,  in  dilute  sulfuric  acid,  undergoes  hydrolysis,  forming  the  equilibirum  system: 

a-CioH7S03H  HjO  ^  CioHa  H2SO4. 


With  sufficiently  high  concentrations  of  sulfuric  acid,  the  a -naphthalenesulfonic  acid  is  in  equilibrium  with 
the  6 -isomer.  The  rate  of  conversion,  as  also  the  rate  of  sulfonation  of  naphthalene,  increases  with  increased 
acidity  of  the  sulfuric  acid  medium.  From  this  it  follows  that  the  regrouping  of  a -naphthalenesulfonic  acid  into 
the  6  -isomer  may  proceed  by  way  of  hydrolysis. 

This,  however,  does  not  mean  that  transposition  of  the  sulfo  group  in  an  intramolecular  manner  may  not  to 
some  extent  occur. 

In  order  to  establish  whether,  besides  hydrolytic,  there  is  also  intramolecular  regrouping,  we  used  the  isotopic 
method  with  radioactive  S*  approximately  in  the  same  form  as  in  studying  the  regrouping  of  o-  into  p-toluene¬ 
sulfonic  acid  [1]. 

When  our  work  was  already  well  advanced  we  became  aware  that  the  same  problem  was  also  the  subject  of 
research  by  a  team  of  Moscow  chemists  [6].  These  authors  also  used  as  a  marked  atom,  but  their  method  of 
procedure  differed  from  ours.  They  did  not  separate  oc  -  and  6 -naphthalenesulfonic  acids,' but  determined  their 
relative  amounts  spectrometrically  through  ultraviolet  absorption.  Sulfuric  acid  was  previously  separated  by  means 
of  paper  chromatography.  It  was  found  that,  on  heating  a -naphthalenesulfonic  acid  up  to  160*  in  glycerine,  neither 
hydrolysis  nor  regrouping  took  place;  in  a  medium  of  85%  H3P04  there  was  hydrolysis  of  the  sulfo  acid,  but  the 
0 -isomer  was  not  formed.  In  concentrated  sulfuric  acid,  interchange  with  the  medium  takes  place  to  a  markedly 
less  degree  than  the  regrouping  of  a  -sulfo  acid  into  the  0 -isomer.  Observations  relative  to  the  sulfuric  acid  me¬ 
dium  were  not  explained.  With  reference  to  the  experimental  results  in  glycerine  and  phosphoric  acid  media,  the 
authors  are  inclined  to  doubt  the  possibility  of  intramolecular  regrouping.  Yet  it  must  be  pointed  out  that  the  ab¬ 
sence  of  any  reaction  in  glycerine  is  easily  explained  by  the  very  considerable  lowering  of  acidity  through  forma¬ 
tion  of  oxonium  compounds;  and  as  for  the  phosphoric  acid  medium,  here  again,  acidity  may  be  inadequate  for 
intramolecular  migration  of  the  sulfo  groups. 

In  view  of  these  considerations,  our  results  with  the  regrouping  of  a -naphthalenesulfonic  acid,  in  a  concentrated 
sulfuric  acid  medium  should  be  of  interest. 

EXPERIMENTAL 

Materials;  We  prepared  a -naphthalenesulfonic  acid  by  sulfonating  naphthalene  with  the  monohydrate  at 
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a  temperature  not  exceeding  20*  [7].  The  aqueous  solution  of  the  mixture  was  separated  from  the  naphthalene  and 
the  aqueous  suspension  treated  with  lead  carbonate.  The  a-naphthalenesulfonic  acid  remained  in  solution  as  the 
lead  salt,  while  the  6 -isomer  and  sulfuric  acid  passed  down  into  the  precipitate.  (It  is  interesting  to  note  that, 
by  this  method,  we  can  take  advantage  not  only  of  the  lower  solubility  of  the  0 -isomer  lead  salt  [8]  but  also  of 
its  low  rate  of  solution  [9]  even  at  a  boiling  temperature).  After  the  precipitate  had  been  separated,  hydrogen 
sulfide  was  passed  into  the  filtrate.  The  PbS  was  filtered  off,  and  treatment  of  the  filtrate  with  lead  carbonate  and 
hydrogen  sulfide  was  twice  repeated.  Then  the  aqueous  solution  of  ot -naphthalenesulfonic  acid  was  evaporated  in 
vacuum  at  50-60*  to  a  syrupy  consistency.  The  sulfo  acid  in  this  case  is  not  hydrolyzed  (negative  reaction  with 
BaCl2)<  The  a-naphthalenesulfonic  acid  was  settled  out  from  the  syrup  with  30  °h  hydrochloric  acid,  and  this 
operation  was  repeated  several  times.  The  product  obtained,  a-naphthalenesulfonic  acid,  dried  in  a  vacuum  de¬ 
siccator  over  solid  caustic  soda,  showed  on  analysis  the  composition  C10H7SO3H  •  2H2O.  The  absence  of  the  0  -isomer 
was  indicated  by  analytical  reactions  with  phenylhydrazine,  benzidine  hydrochloride,  and  ferric  chloride  [10]. 

We  obtained  0 -naphthalenesulfonic  acid  by  Witt’s  method  [11],  by  sulfonating  the  naphthalene  with  sulfuric 
acid  (d  1.84)  for  20  minutes  at  160*.  It  was  thrice  precipitated  from  an  aqueous  solution  of  concentrated  hydro¬ 
chloric  acid.  Tests  for  the  a-isomer  with  the  aid  of  m-nitro-o-anisidine  did  not  reveal  its  presence.  The  com¬ 
position  of  the  sulfo  acid,  dried  over  caustic  soda,  was  found  by  analysis  to  be  CjoHySOsH  •  3H2O. 

Separation  of  the  isomers.  In  the  mixture  after  reaction  a-  and  0 -naphthalenesulfonic  acids,  sulfuric  acid, 
naphthalene,  and  probably  some  side -products  were  present.  Treatment  of  the  mixture  was  designed  to  separate 
0 -naphthalenesulfonic  acid  free  from  the  a-isomer. 

We  first  thought  of  using  the  known  methods  of  separating  the  a-  and  0 -isomers  of  the  sulfo  acids,  as  used 
in  analyzing  sulfonated  mixtures  [2a,  12,  13],  but  control  experiments  in  separating  mixtures  of  radioactive  a- 
-naphthalenesulfonic  acid  and  the  inactive  0  -sulfo  acid  (2  :  1)  showed  that  these  methods  were  not  suitable  for 
our  purpose.  We  also  used  the  method  of  precipitating  0 -sulfo  acid  with  the  aid  of  phenylhydrazine  [12]  and  benzi¬ 
dine  [13];  but  after  careful  washing  of  the  precipitates  the  residual  salts  of  the  0 -sulfo  acid  were  strongly  radio¬ 
active,  i.e.  they  contained  a  high  percentage  of  the  a-isomer  (11-15  ’’Jo).  Separation  by  means  of  lead,  barium, 
or  calcium  salts  from  aqueous  or  aqueous-alcoholic  solutions  gave  similar  or  even  worse  results.  We  also  tried 
a  method  such  as  the  three -stage.  From  the  mixture  of  a-  and  0 -sulfo  acids  the  calcium  salt  of  the  0 -sulfo  acid 
first  separated  out;  then  the  a-naphthalenesulfonic  acid  in  the  form  of  its  difficultly  soluble  salt,  together  with 
m-nitro-o-anisidine  [12],  separated;  and  finally,  the  0 -isomer  was  precipitated  from  the  filtrate  as  the  phenyl¬ 
hydrazine  salt.  It  was  found,  after  these  three  precipitations,  that  the  0 -sulfo  acid  obtained  still  contained,  judg¬ 
ing  from  its  measured  radioactivity,  about  7  ^of  the  a-isomer.* 

We  found  finally  that  a  satisfactory  method  of  freeing  the  0 -sulfo  acid  from  the  a-isomer  was  that  of  acid 
hydrolysis  of  the  mixture.  As  is  known,  a-naphthalenesulfonic  acid  is  hydrolyzed  much  more  easily  in  an  acid 
medium  than  is  the  0  -isomer  [9,  5],  In  selecting  suitable  conditions  of  reaction  we  developed  the  following  mode 
of  procedure  that  permitted  hydrolyzing  the  whole  of  the  a-isomer,  while  preserving  the  greater  part  of  the  0- 
-naphthalenesulfonic  acid. 

After  reaction,  3  volumes  of  33%  hydrochloric  acid  were  added  to  the  mixture  which  weighed  about  1  g  and 
consisted  of  a  -  and  0 -naphthalenesulfonic  acids  together  with  sulfuric  acid.  This  mixture  was  heated  in  a  sealed 
ampoule  for  1  hour  at  180-182*  (requiring  some  care  as  the  vessel  may  sometimes  burst).  The  contents  were  treated 
with  water  until  complete  solution  of  the  0  -sulfo  acid,  and  the  naphthalene  filtered  off.  Hydrogen  chloride  was 
removed  from  the  filtrate  by  passing  through  an  inert  gas  at  100*. 

Control  tests  showed  that,  by  this  method  of  hydrolysis,  the  dinaphthalenesulfonic  acid  is  not  formed  in  addi¬ 
tion  to  the  0  -sulfo  acid. 

The  0 -sulfo  salt  obtained  in  this  way  contains  from  0  to  0.5%  radioactive  a-naphthalenesulfonic  acid. 

Further  treatment  of  the  mixture  obtained  consisted  in  conversion  of  the  0  -sulfo  acid  into  the  barium  salt 
and  separation  from  sulfuric  acid.  The  salt  was  recrystallized  from  water,  washed  with  cold  water,  and  dried.  The 
specific  radioactivity  of  the  product  obtained  was  determined  by  the  usual  method,  described  in  detail  in  [1].  In 

•  On  analyzing  the  naphthalene  sulfo-mixtures  the  methods  used  by  us  give,  as  is  known,  satisfactory  results.  This 
can  probably  be  explained  through  the  compensation  of  losses  of  the  0  -sulfo  acid  by  admixture  of  adsorbed 
a-isomer. 


order  to  obviate  the  need  of  correction  for  self -absorption  by  the  sulfo  salt,  a  sufficiently  small  portion  (1-2.5  mg) 
of  the  barium  salt  in  the  form  of  a  fine  suspension  in  methyl  alcohol  was  applied  to  a  plate.  Impulse  readings 
were  taken  on  a  B  instrument  with  end  recorder.  From  each  precipitate  test  samples  were  selected  for  several 
measurements,  and  in  each  sample  the  radioactivity  was  measured  several  times  with  different  positions  of  the 
plate.  The  mean  error  was  evaluated  as  within  +  5%.  Specific  activity  was  expressed  in  impulses  •  mg"^  •  mtn“^. 

Experimental  work  and  results.  Mixtures  of  a-naphthalenesulfonic  acid  with  sulfuric  acid  were  put  into 
ampoules  of  10  ml  capacity.  Taking  into  account  the  water  of  crystallization  content,  the  quantity  and  concentra¬ 
tion  of  sulfuric  acid  were  so  chosen  that  81  or  91  ’’jool  this  acid  was  present  in  the  mixture.  Higher  concentrations 
were  avoided  on  account  of  the  risk  of  formation  of  the  disulfo  acids.  The  ampoules  were  sealed  and  placed  in 
an  aluminum  block  that  was  heated  up  to  150  or  160*  (±  2*),  and  held  for  some  time  at  that  temperature.  The 
ampoules  were  then  removed  from  the  block  and  their  contents  analyzed. 

A  small  part  of  the  mixture  was  dissolved  in  water  and  treated  with  barium  carbonate.  The  filtrate  con¬ 
taining  the  barium  salts  of  a-  and  6 -sulfo  acids  was  evaporated  to  dryness,  and  the  specific  radioactivity  in  the 
residue  was  measured.  The  greater  part  of  the  mixture  was  transferred  to  another  ampoule  for  sealing,  and  after 
addition  of  concentrated  hydrochloric  acid  it  was  subjected  to  hydrolysis  and  subsequent  operations  as  described 
above . 

In  view  of  the  fact  that  6 -naphthalenesulfonic  acid,  under  the  conditions  of  regrouping,  gradually  exchanges 
the  sulfo  group  with  sulfuric  acid,  the  found  percentage  of  intermolecular  hydrolytic  regrouping  may  appear  greater 
than  is  actually  the  case.  In  order  to  apply  the  appropriate  check  we  measured  in  parallel  tests  the  exchange  of 
fi -naphthalenesulfonic  acid  with  sulfuric  acid  under  all  the  conditions  of  the  main  experiment.  Taking  into  ac¬ 
count  that  the  rate  of  exchange,  as  determined  in  the  control  tests,  is  retained  in  the  regrouping  of  the  a -sulfo 
acid,  we  added  to  the  found  percentage  of  the  direct  regrouping  (a)  a  value  a  -b/  100,  where  b  is  the  percent  ex¬ 
change  of  8 -naphthalenesulfonic  acid  obtained  from  the  parallel  test.  This  check  is  only  approximate  and  pro¬ 
visional;  but  there  are  apparently  no  data  available  on  which  to  base  a  better  approximation. 

The  experimental  results,  in  which  the  mixture  comprised  nonradioactive  ot -naphthalenesulfonic  acid  and 
radioactive  sulfuric  acid,  are  given  in  Table  1.  Supplementary  Table  la  gives  the  results  of  the  parallel  determi¬ 
nations  of  exchange  for  8 -naphthalenesulfonic  acid. 

The  data  in  Table  1  shows  that  the  activity  of  the  separated  8  -isomer  is  always  less  than  that  calculated 
for  complete  exchange  with  radioactive  sulfuric  acid.  The  reaction  proceeds  quickly,  as  a  result  of  which  the 
values  of  specific  radioactivity  of  summated  ot-  and  8 -isomers  differ  little  from  that  of  8 -naphthalenesulfonic 
acid.  With  extended  heating  time  exchange  increases,  evidently  through  gradual  exchange  of  the  formed  8 -sulfo 
acid  with  sulfuric  acid.  Mixing  or  stirring  does  not  produce  any  appreciable  effect  (ampoules  2  and  2a).  The 
values  of  the  percentage  intramolecular  regrouping  in  the  whole  run,  with  adjustment  for  exchange  of  the  8 -sulfo 
acid,  are  given  in  the  last  column  of  Table  1.  On  an  average,  this  percentage  is  about  30. 

In  another  series  of  experiments  the  mixtures  consisted  of  highly  active  a-naphthalenesulfonic  acid  and 
nonradioactive  sulfuric  acid.  In  these  experiments  it  was  possible  to  increase  considerably  the  ratio  of  quantities 
of  sulfuric  acid  and  a -sulfo  acid.  After  the  reaction  we  determined  the  radioactivity  of  the  total  of  the  a-  and 
8  -isomers,  of  the  pure  8  -isomer,  and  of  sulfuric  acid  (as  BaS04). 

The  results  are  given  in  Table  2,  and  the  results  of  parallel  tests  for  exchange  of  8  -naphthalenesulfonic 
acid  in  Table  2a. 

It  can  be  seen  that  the  activity  of  the  8  -isomer  is  much  greater  than  it  would  be  if  there  was  complete 
exchange  with  the  medium.  Changes  in  the  ratio  HjSOy  a -sulfo  acid  within  the  limits  of  3  :  1  and  30  :  1  do 
not  alter  the  percentage  of  direct  reaction.  On  an  average,  about  20  °lo  of  the  a-naphthalenesulfonic  acid  is  re¬ 
grouped  without  interchange  with  the  medium. 

Thus,  there  remains  no  doubt  that  in  a  medium  of  concentrated  sulfuric  acid,  part  of  the  SO3H  group  mi¬ 
grates  from  the  a-  to  the  8 -position  without  previous  mixing  with  molecules  of  the  solvent. 

The  mechanism  of  such  migration  could  be  represented  in  a  scheme  where  the  role  of  proton-donor  in  the 
reaction  complex  is  taken  into  account: 
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Regrouping  of  Nonradioactive  et- Naphthalenesulfonic  Acid  in  Presence  of  Radioactive 
Sulfuric  Acid.  ' 


6 

z 

Experimental  conditions 

Ampoule  No. 

Comp,  of 
fixture  (in 

Heating  time 
(in  min) 

Spec,  activity  of 
a+fl  -isomers 

Sp.  activity  , 
oTB -Isomer* 

^intramolecular 

regrouping 

3 

U 

k 

cT 

3- 

found 

equilibrium 

UM-i 

llil 

ilsi 

Incl.  ex¬ 
change  of  0  - 
isomer 

1 

1 

0.873 

1.309 

10 

265 

301 

423 

29 

150*,  initial  H2SO4 

2 

0.621 

0.931 

20 

304 

308 

422 

89*>7<(in  expt.  81<7J, 

2a** 

0.616 

0.924 

20 

305 

308 

425 

3 

0.499 

0.698 

40 

344 

334 

414 

20 

28 

1640* 

4 

0.267 

0.400 

130 

383 

352 

424 

18 

27 

5 

0.199 

0.298 

280 

410 

413 

424 

2 

150*,  initial  HjSO^ 

f 

1 

i 

89^o(in  expt,  81<7(J 

1 

1 

0.416 

0.622 

10 

271 

289 

405 

29 

32 

spec,  activity 

1 

2 

0.329 

0.494 

45 

333 

313 

405 

24 

33 

1563 

[ 

3 

150*,  initial  H,S04 

1 

0.369 

0.554 

10 

377 

372 

483 

23 

28 

98'5i(in  expt.  91‘5Q, 

2 

0.331 

0.496 

30 

390 

376 

464 

19 

— 

spec,  activity 

3 

0.285 

0.428 

50 

400 

379 

461 

18 

30 

r744  (for  ampule 
1848) 

4 

0.269 

0.403 

90 

418 

411 

454 

9 

— 

4 

160*,  initial  H,S04 

1 

98<7((in  expt,  91<7(J 

1 

0.385 

0.578 

10 

261 

268 

395 

32 

42 

spec,  activity 

[ 

1610 

TABLE  la 

Exchange  Between  Nonradioactive /)-Naphthalenesulfonic  Acid  and  Radioactive  Sulfuric 
Acid 


Expt, 

Experimental  conditions 

Am- 

Comp,  of 
mmure 
(In  d 

Heat¬ 

ing 

time 

(in 

min) 

Spec,  activity 
ofa+0-iso^ 
_ msrs _ 

Percent 

exchange 

•b* 

No, 

poule 

No. 

a- 

acld 

HjSO, 

fount 

equili¬ 

brium 

la-2a 

150*,  initial  1^S04  89<7o 
(in  expt,  81o;0,  spec. 

1 

0.250 

0.411 

10 

53 

461 

13 

2 

0.250 

0.410 

50 

182 

461 

39 

activity  1720 

3 

0.240 

0.411 

120 

242 

461 

52 

3a 

150*.  initial  H,S04  98% 

0.381 

0.280 

107 

299 

476 

447 

(in  expt.  91<7()  spec, 
activity  1744 

1 

2 

0.225 

0.170 

10 

50 

23 

66 

4a 

160*,  initial  H2SO4  98% 

(in  expt,  91%),  spec, 
activity  1510 

1 

0.366 

0.605 

10 

124 

418 

30 

•  Specific  activity  is  expressed  as  impulses  ‘mg”^  •  min,"^, 
**  Expt*  l-2a  was  done  with  shaken  up  ampoule. 
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H 


SO,H 


♦  H,SO* 


The  hydrolytic  method  of  migration  of  the  sulfo  groups  may  be  said  to  compete  with  this  reaction 


But  it  would  be  possible  also  to  suppose  that  the  reaction  proceeds  wholly  by  way  of  the  hydrolysis  scheme, 
yet  the  separating  complex  SOsH'*'  < —  OHj  or  S03H‘*'0S03H“  at  once  reacts  with  a  molecule  of  naphthalene  at  the 
6  position,  being  unable  to  mix  with  solvent  molecules  ("cell"  effect). 

The  isotope  method  does  not  allow  a  choice  to  be  made  between  these  alternatives. 

It  should  be  noted  that  the  regrouping  of  a-naphthalenesulfonic  acid  into  the  fi -isomer  is  not  very  advanuge- 
ous  for  observing  intramolecular  migration,  in  view  of  the  fact  that  a -isomer  is  much  more  easily  hydrolyzed  than 
isomerized  (by  sulfonation  or  direct  transposition  of  the  sulfo  group). 


S0,H 


iO 


Experiments  in  the  migration  of  sulfo  groups  would  probably  be  more  informative  witfi 
those  compounds  where  the  chances  of  one  or  the  other  reaction  would  be  about  equal.  Such 
a  case  might  be  found  in  benzenesulfonic  acid  marked  with  the  carbcHi  atom  (I).  By 
studying  the  stmcture  of  the  reaction  products  and  determining  the  extent  of  change  in  radio¬ 
activity  of  the  sulfo  group,  it  should  be  possible  to  establish  the  degree  and  direction  of  mi¬ 
gration  of  the  sulfo  group.  In  the  case  of  an  intramolecular  reaction  scheme  one  would  have 
to  expect  evidently  a  much  greater  development  of  the  reaction  without  exchange  than  is 
the  case  with  regrouping  of  a-naphthalenesulfonic  acid  into  the  6 -isomer. 


SUMMARY 

With  the  aid  of  radioactive  sulfur  S®®  it  was  established  that  the  regrouping  of  ot-  into  B -naphthalenesulfonic 
in  concentrated  sulfuric  acid  reaches  70-80  ^  by  exchange  with  the  medium,  and  30-20  %  without. 

Regrouping  with  exchange  comprises  the  stages  of  hydrolysis  of  the  sulfo  acids  and  sulfonation  of  the  naph¬ 
thalene  formed. 

For  the  regrouping  without  exchange  two  explanations  are  proposed:  either  this  is  an  intramolecular  regroup¬ 
ing,  or  it  is  the  result  of  insufficiently  rapid  diffusion  of  the  complex  consisting  of  the  separated  sulfo  group  and 
its  acceptor. 

It  was  found  that  different  analytical  methods  of  determining  6  -naphthalenesulfonic  acid  in  mixtures  with 
the  a -isomer  cannot  be  used  for  accurate  separation  of  the  isomers,  since  the  precipitates  obtained  of  inorganic 
and  organic  salts  of  6 -naphthalenesulfonic  acid  always  conuin  an  admixmre  of  the  a -isomer. 
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THE  SYNTHESIS  OF  THIAZOLIDONE  DERIVATIVES  OF  BIOLOGICAL  INTEREST 

V.  THE  CONDENSATION  REACTION  OF  MONOCHLOROACETIC  ACID  WITH  THIOSEMICARBAZONES 
IN  THE  PRESENCE  OF  HYDROCHLORIC  ACID 

N.  M.  Turkevich  and  E.  V.  Vladzltniiskaya 


In  previous  communications  [1-3]  we  showed  that  when  monochloroacetic  acid  is  condensed  with  tftio- 
semicarbazones  derivatives  of  thiazolidine-2,4-dione-2-hydrazone  are  formed.  In  similar  condensation  reac¬ 
tions  carried  out  by  Chabrier  [4]  and  also  by  Buu-Hoi  and  his  co-workers  [5]  ethyl  alcohol  was  used  as  die  sol¬ 
vent.  We  used  glacial  acetic  acid  as  bodi  solvent  and  condensing  medium;  this  made  it  pKxsible  to  introduce 
aldehyde  groups  into  the  molecules  of  the  condensation  products  and,  therefore,  to  obtain  5-arylidene  derivatives 
of  thiazolidine-2,4-dione-2-hydrazone  in  one  stage. 

One  of  us  suggested  [6]  the  use  of  concentrated  hydrochlwic  acid  as  the  condensing  medium  for  the  con¬ 
densation  of  monochloroacetic  acid  with  thiourea  and  this  made  it  possible  to  obtain  hi^  yields  of  thiazolidine- 
2,4-dione  and  its  derivatives.  The  object  of  the  present  work  was  to  conduct  similar  investigations  on  the  thio- 
semicarbazones  of  aromatic  aldehydes  which,  as  is  known,  may  be  considered  as  derivatives  of  thiourea. 

To  carry  out  these  investigations  the  thiosemicarbazones  of  benzaldehyde,  anisaldehyde,  p-acetamino-, 
m-nitro-  and  o-chlorobenzaldehydes  and  salicylaldehyde  wereboiled  widi  monochloroacetic  and  concentrated 
hydrochloric  acids  for  1-6  hrs.  The  condensation  products  were  precipitated  by  water  from  the  mixtures  obtained 
and  were  crystallized. 

The  results  of  die  Investigations  showed  that  the  reaction  products  were  mixtures  of  5-arylidenethiazoli- 
dine-2,4-diones  (III)  and  diarylideneazines  (11).  The  reaction  mechanism  may  be  represented  [7,  8]  by  the  follow 
Ing  system: 


COOH 

I 

CHj 

Cl 


CH=0 

1 

Ar 


0=C - NH 

HoC  (!:=N— N=CH 


(1) 


Ar 


o=c 


CH=N-N=CH 

ir  I 

0=C— NH 

I  I 

CH=C  C=0 

L 

(im 


The  intermediate  reaction  products  were  thiazolidine-2,4-dione-arylidene-2-hydrazones  (I)  which,  like 
all  pseudo-thiohydantoin  derivatives,  are  hydrolyzed  by  hydrochloric  acid  with  the  formation  of  thiazolidine- 
2,4-dione.  By-products  of  the  reaction  were  aromatic  aldehyde  ArCHO  and  hydrazine  which  by  reacting  with 
each  other  were  converted  into  diarylidene  azines  (II).  A  condensation  reaction  between  the  aldehyde  and  thia- 
zolidine-2,4-dione  took  place  simultaneously,  as  a  result  of  which  5-arylidene  derivatives  of  the  latter  (m)  were 
formed. 
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We  encountered  certain  difficulties  in  the  separation  and  purification  of  the  components  of  the  condensa¬ 
tion  product.  For  example,  when  the  diiosemicarbazones  of  m-nitro-  and  o-chlorobenzaldehyde  and  salicylalde- 
hyde  were  used  in  the  reaction  investigated  by  us  azines  were  the  only  substances  we  succeeded  in  isolating  from 
the  condensation  products  in  the  pure  form.  When  the  thiosemicarbazones  of  benzaldehyde  and  anisaldehyde  were 
used  we  isolated  the  5-benzylidene-  and  5-anisylidene  derivatives,  respectively,  of  thiazolidine-2,4-dione  from 
the  condensation  product.  To  the  best  of  our  knowledge  the  5-anisylidene  derivative  has  not  been  described 
hitherto  in  chemical  literature. 

In  the  case  of  thibone  we  found  that  saponification  of  the  acetyl  group  by  hydrochloric  acid  occurred  at  the 
same  time  and  the  final  reaction  product  was,  therefore,  not  5-p-acetaminobenzylidenethiazolidine-2,4-dione 
(V)  but  the  5-p-aminobenzylidene  derivative. 

To  obtain  additional  proofs  of  the  correctness  of  our  proposed  system  we  made  it  our  aim  to  carry  out  the 
acid  hydrolysis  of  the  intermediate  products  (I).  For  this  purpose  the  p-acetaminobenzylidenehydrazone  of  thia- 
zolidinedione  (IV),  the  synthesis  of  which  we  have  [vevibusly  described  [2],  was  boiled  for  3  hrs  with  concentra¬ 
ted  hydrochloric  acid.  The  reaction  product  wks  in  fact  found  to  be  5-p-acetaminobenzylidenethiazolidine-2,4- 
dione  (V).  Its  formation  may  be  represented  by  the  following  system: 


O-C - NH 

0=C - NH 

1  1 

HjC  (:=N-N=CH  -+-  HOH - ► 

1  1 

CH=C  C=0-i-H2NNH. 

\  q/  I 

1 

(V) 

‘  I 

1  II 

1 

NHC0CH3 

1 

NHCOCH3 

The  formation  of  the  latter  substance  proves  not  only  the  correctness  of  our  proposed  system  but  also  the 
correctness  of  the  thiazolidone  stmcture  of  the  condensation  products  of  diiosemicarbazones  and  monochloro- 
acetic  acid.  It  must  be  mentioned  that  in  their  numerous  wcxrks  both  Chabrier  and  Buu-Hoi  assume  structure  (VI), 
1.  e.,  that  of  2-arylidenehydrazothiazoline-4-ones,  for  similar  condensation  products.  The  possibility  of  the  con¬ 
version  of  these  latter  compounds  into  lhiazolidene-2,4-dione  with  good  yields  is,  however,  not  very  probable. 

In  addition,  as  we  have  shown  [9],  the  absorption  spectra  of  the  initial  products  (I)  and  also  their  specific  acidic 
properties  exclude  the  possibility  of  assuming  a  thiazolinone  stmcture  (VI). 


0=C - N 

HoC:  (!1-NH-N=CH 


Ar 


(VI) 


The  azines  described  by  us  in  the  experimental  section  are  known  in  chemical  literature  and  were,  there¬ 
fore,  identified  by  merely  determining  their  melting  points. 

It  must  also  be  mentioned  diat  the  thiazolidinedione  derivatives  which  we  synthesized,  containing  an  amino- 
benzylidene  and  acetaminobenzylidene  group,  have  an  active  retarding  influence  on  the  growth  of  tubercular 
bacilli. 


EXPERIMENTAL 

5-Benzylidenethiazolidine-2,4-dione  (HI;  Ar  -  CgHs).  1.6  g  of  benzaldehyde  thiosemicarbazone  was  boiled 
with  1.9  g  of  monochloroacetic  acid  in  20  ml  of  cone.  HCl  for  2  hrs  with  a  reflux  condenser.  When  die  trans¬ 
parent  solution,  initially  formed,  had  been  boiled  for  10  min  a  yellow  precipitate  began  to  be  deposited.  After 
the  mixture  had  cooled  it  was  diluted  with  water,  the  precipitate  was  filtered,  washed  with  water  and  dried  in 
air.  0;3  g  (yield  15.7‘5t)  of  a  yellow  crystalline  substance  was  obtained.  The  m.  p.  was  237-239*  (from  alcohol); 
this  corresponds  to  the  data  in  literature  [10]  for  benzylidenethiazolidinedione. 
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5-Anlsylldenethlazoltdine-2,4-dlone  (III;  Ar  =  p-CHaOCgHi).  2.1  g  of  the  thlosemlcarbazone  of  anlsalde- 
hyde  was  boiled  with  2.5  g  of  monochloroacetic  acid  in  40  ml  of  cone.  HCl  with  a  reflux  condenser.  After  the 
transparent  solution  had  been  boiled  for  10  min  the  formation  of  an  oil,  which  was  evidently  anisaldehyde,  was 
observed.  A  further  10  ml  of  cone.  HCl  was  added  to  the  mixture  and  boiling  was  continued  for  6  hn.  The  reac¬ 
tion  product  was  diluted  with  an  equal  volume  of  water  and  was  then  boiled  for  a  further  2  hrs.  The  boiling  mix¬ 
ture  was  filtered  and  the  residue  washed  with  water  and  dtied.  0.7  g  of  a  light-yellow  crystalline  substance 
(yield  30%)  with  an  m.  p.  of  212-213”  (from  alcohol)  was  obtained.  The  ccxnpound  was  soluble  in  acetone  and 
pyridine  in  the  cold  and  in  benzene,  chloroform,  glycerol,  alcohol,  acetic  acid  and  aqueous  solutions  of  NaOH 
with  heating. 

Found  %:  N  6.03.  CuHjOjNS.  Calculated  %:  N  5.95. 

After  the  5-anisylidenethiazolidlne-2,4-dlone  had  been  separated  from  the  hydrochloric  acid  filtrate  a 
precipitate  was  deposited  from  the  latter  when  cooled;  this  precipitate  was  again  filtered,  wa^ed  with  an  aqueous 
solution  of  sodium  acetate  and  then  recrystallized  from  alcohol.  0.7  g  of  a  yellow  substance  (yield  52%)  was  ob¬ 
tained.  The  m.  p.  was  168”  (completely  transparent  liquid  at  173”),  corresponding  to  anisaldazine  (II;  Ar  =  p- 
CHjOCeHs  [11]). 

5-p-Aminobenzylidenethiazolidine-2,4-dione  (HI;  Ar  =  p-NH^CgfU).  11.8  g  of  thibone  was  boiled  with 
6.0  g  of  monochloroacetic  acid  in  50  ml  of  cone.  HCl  with  a  reflux  condenser  for  1  hr.  A  red-orange  precipitate 
was  deposited  after  the  transparent  solution  formed  had  been  boiled  for  30  min.  During  the  process  of  cooling 
the  reaction  mixture  was  diluted  with  a  cone,  aqueous  solution  of  sodium  acetate.  The  precipitate  was  filtered, 
washed  with  water  and  dried  in  air.  9.8  g  of  a  dark-red  substance  (yield  89%)  widi  a  m.  p.  of  235”  (from  alcohol, 
with  decomp.)  was  obtained. 

Found  %:  N  12.66.  CmHbOjNjS.  Calculated  %:  N  12.72. 

5-p-Acetamlnobenzylidenethlazolidlne-2,4-dlone  (V).  5  g  of  thlazolldine-2,4-dione-p-acetaminobenzyl- 
idene-2-hydrazone  (IV)  was  boiled  with  50  ml  of  cone.  HCl  for  3  hrs  with  a  reflux  condenser.  The  transparent 
yellow-orange  solution  which  was  initially  formed  turned  gradually  dark-red  and  after  it  had  been  boiled  for  20 
min  a  dark-red  precipitate  was  formed.  After  the  solution  had  cooled  the  precipitate  was  filtered,  washed  with 
water  and  dried  in  air.  1.8  g  (38%)  of  a  product,  which  had  an  orange  color- after  crystallizing  from  alcohol,  was 
obtained.  The  m.  p.  was  257”  (with  decomp.)  which  conesponds  to  literature  data  [12]  for  p-acetaminobenzyl- 
idenethiazolidinedione. 

Found  %;  N  10.94.  CuHnjOjNjS.  Calculated  %:  N  10.68. 

Azines  of  m-nitrobenzaldehyde,  o-chlorobenzaldehyde  and  salicylaldehyde.  100  jimoles  of  the  thiosemi- 
carbazones  of  the  corresponding  aldehydes  was  boiled  with  a  2.5-fold  excess  of  monochloroacetic  acid  and  20-60 
cc  of  cone.  HCl  for  2-6  hrs.  When  tfie  thiosemicarbazone  of  o-chlorobenzaldehyde  was  introduced  into  the  reac¬ 
tion  the  formation  of  an  oily  liquid,  evidently  o-chlorobenzaldehyde  was  observed.  In  diis  instance  alcohol  was, 
therefore,  added  to  the  reaction  mixture  until  a  homogeneous  solution  was  obtained.  Precipitation  of  the  o-chloro- 
benzaldazine  was  only  observed  after  the  reaction  mixture  had  cooled.  In  contrast  to  this,  when  die  thiosemicat- 
bazones  of  m-nitrobenzaldehyde  and  salicylaldehyde  were  introduced  into  the  reaction  precipitation  of  the  corre¬ 
sponding  azines  occurred  while  the  reaction  mixture  was  still  being  boiled.  After  the  latter  had  cooled  die  pre¬ 
cipitates  were  filtered,  washed  with  water  and  recrystallized  twice  from  glacial  acetic  acid.  m-Nitrobenzalda- 
zine  with  a  m.  p.  of  196”  [11]  (yield  82%),  o-chlorobenzaldazine  with  a  m.  p.  of  147”  [13]  (yield  90.3%)  and 
salazine  with  a  m.  p.  of  215”  [11]  (yield  54%)  were  obtained. 

SUMMARY 

1.  When  the  thiosemicarbazones  of  aromatic  aldehydes  are  condensed  with  mtxiochloroacetic  acid  in  the 
presence  of  concentrated  hydrochloric  acid  5-arylidene  derivatives  of  thiazolidinedione  and  the  azines  of  the 
corresponding  aldehydes  are  formed. 
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2.  As  a  result  of  the  acid  hydrolysis  of  th{azolidlne’-2,4-dione-arylldene-2-hydrazones  a  characteristic 
migration  of  the  arylidene  group  into  die  5-position  and  the  formation  of  5-arylidenethiazolidine-2,4-diones 
occur. 
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THE  PROBLEM  OF  THE  REACTION  OF  KETENE  ITH  NIT  RO  G  EN  -  C  ONT  A INING  BASES 
IV.  THE  ACETYLATION  OF  THE  ALKALOIDS  OF  ANABASIS  BY  KETENE 

Yu.  V.  Svetkin 

The  reaction  ofketene  with  alkaloids  has  hitherto  hardly  been  studied.  Works  which  are  available  in  this 
field  are  of  a  specific  character  and  no  laws  governing  this  reaction  have  been  found  yet.  Among  investigations 
of  this  type  we  may  mention  the  work  of  Schopf  and  Braun  [1]  who  acetylated  the  alkaloid  of  isotripiperidine  and 
our  own  communication  [2]  in  which  the  reaction  ofketene  with  cytisine  was  investigated.  From  this  aspect  we 
thought  it  of  considerable  interest  to  carry  out  a  number  of  investigations  on  the  alkaloids  of  anabasis  and  thus 
to  extend  information  on  the  reactivity  ofketene  with  this  class  of  organic  compounds.  Numerous  works  on  ana- 
basine,  in  which  it  was  shown  that  this  alkaloid  is  a  fairly  powerful  base,  served  as  the  starting  point.  The  second 
alkaloid  (by  content)  of  Anabasis  Aphylla  L.  is  lupinine,  a  tertiary  base. 

The  acetyl  derivative  of  anabasine  was  described  by;  A.  S.  Sadykov  and  O.  S.  Otroshchenko  [3]jthe  corre¬ 
sponding  derivative  of  lupinine  is  unknown.  The  reaction  of  ketene  with  other  alkaloids  of  Anabasis  Aphylla  L. 
has  not  been  studied. 

As  a  result  of  the  investigation  carried  out  it  was  established  that  anabasine  and  lupinine  are  readily  ace¬ 
tylated  by  ketene.  Their  acetyl  derivatives  show  a  marked  difference  as  regards  boiling  points;  in  addition,  o- 
acetyllupinine  is  insoluble  in  water  whereas  N-acetylanabasine  is  readily  soluble  in  it.  These  data  served  as  die 
basis  for  the  development  of  a  new  method  of  separating  all  the  alkaloids  of  anabasine  by  means  of  their  acetyl 
derivatives.  It  was  found  that  by  this  method  it  was  possible  not  only  to  separate  a  mixture  of  anabasine  and  lupi¬ 
nine  but  also  to  obtain  them  in  a  pure  form  directly  from  the  total  alkaloids  contained  in  anabasis:  anabasine, 
af^ylline,  anaphylline  and  No.  5  base.  An  undoubted  advantage  of  this  method  of  separation  is  the  ease  of  saponi¬ 
fication  of  o-acetyllupinine,  as  a  result  of  which  lupinine  is  obtained  easily  and  rapidly,  in  contrast  to  all  other 
previously  known  methods. 

Another  characteristic  feature  of  the  acetylation  of  the  alkaloids  of  anabasis  by  ketene  is  that  when  the 
ketene  is  passed  into  a  mixture  of  anabasine  and  water  anabasine  acetate  is  formed  in  the  first  stage  of  the  reac¬ 
tion.  This  indicates  that  in  the  first  stage  of  the  reaction  the  ketene  reacts  with  the  water  and  not  widi  the  second¬ 
ary  amino  group.  Tliis  observation  is  diametrically  opposed  to  the  established  opinion  that  ketene  reacts  far  more 
rapidly  with  an  amino  group  than  with  water.  In  this  connection  we  may  briefly  mention  the  work  of  Hurd  and 
Kocaur  [4]  in  which  the  authors  maintain  the  above-mentioned  opinion.  The  experimental  section  of  the  present 
work  is  directly  contrary  to  the  conclusions  of  these  authors.  In  this  connection  it  must  be  mentioned  that  in  our 
previous  communications  we  also  established  cases  when  ketene  in  the  combined  presence  of  an  amine  and  water 
reacted  primarily  with  the  water  [5]. 

EXPERIMENTAL  • 

Preparation  of  N-acetylanabasine.  10  g  of  anabasine  with  a  b.  p.  of  121-122“  at  5  mm  and  n^  1.5412  was 
placed  in  a  four-necked  flask  equipped  with  a  mechanical  stirrer,  reflux  condenser,  gas  feed  and  thermometer. 

The  temperature  of  the  reaction  mixture  rose  to' 70*  as  a  result  of  the  heat  evolved.  Ketene  was  passed  for  1.5 
hrs.  After  the  reaction  mixture  had  been  distilled  under  vacuum  two  fractions  were  obtained:  1st  fraction  (ana¬ 
basine),  b.  p.  121-122“  at  5  mm,  4.3  g;  2nd  fraction  (acetylanabasine),  b.  p.  198-200“  at  5  mm,  5.3  g  (42‘5()), 
ng  1.5547,  d*®  1.1165,  MRj)  58.62;  calc.  59.70. 

•  Yu,  N.  Forostyan  participated  in  ±is  work. 
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Found  CH,CO  19.48.  CuH^ON,.  Calculated  <^5,:  CH3CO  21.05. 

Acetylanabasine  hydrochloride  had  a  m.  p.  of  199-200*  (from  acetone). 

Founder  Cl  15.49.  CuHjsON,..  HCl.  Calculated  <51):  Cl  14.74. 

The  picrate  had  a  m.  p.  of  182-183*  (from  alcohol). 

Acetylation  of  anabastne  in  the  presence  of  water.  30  g  of  anabasine  was  acetylated  with  ketene  in  50  ml 
of  acetone  containing  5  ml  of  water.  After  15  min  the  temperature  of  the  reaction  mixture  rose  to  40*.  Ketene 
was  passed  for  30  min  and  the  consumption  of  acetone  by  pyrolysis  was  120  ml.  After  distillation  under  vacuum 
the  following  fractions  were  obtained:  1st  fraction,  b.  p.  80-132*  at  5  mm,  19.7  g;  2nd  fraction,  b.  p.  198-200* 
at  5  mm,  14.3  g  (acetylanabasine).  The  1st  fraction  crystallized  out  on  standing.  After  the  crystals  had  been 
washed  with  anhydrous  acetone  the  m.  p.  was  88*,  corresponding  to  anabasine  acetate.  It  was  later  found  that 
anabasine  acetate  can  be  distilled  under  vacuum  at  105-110*  (2  mm);  the  yield  of  the  pure  salt  was  14.4  g.  If 
the  period  during  which  the  ketene  was  passed  was  increased  to  40  min  the  main  reaction  product  was  acetylana¬ 
basine  with  a  yield  of 

The  acetylation  of  anabasine  in  the  presence  of  acetic  acid  was  completed  in  30  min;  the  maximum  tem¬ 
perature  of  the  reaction  mixture  was  85*,  the  yield  of  acetylanabasine  was  96<^ 

Acetylation  of  anabasine  acetate.  5  g  of  anabasine  acetate  with  an  m.  p.  of  88*  was  acetylated  with  ketene 
in  80  ml  of  acetone.  After  about  10  min  the  crystab  began  to  decrease  and  had  completely  disappeared  after  55 
min.  Ketene  was  passed  for  a  further  10  min.  The  )rield  of  acetylanabasine  was  4.1  g. 

Preparation  of  o-acetyllupinine.  Ketene  was  passed  into  a  mixture  of  5  g  of  lupinine,  30  ml  of  acetone 
and  0.2  g  of  glacial  acetic  acid.  The  consumption  of  acetone  due  to  pyrolysis  was  120  ml,  the  total  time  for 
which  the  ketene  was  passed  was  20  min.  After  die  mixture  had  been  fractionated  3  times  under  vacuum  a  yield 
of  5.5  g  (89<^)  of  a  liquid  with  the  following  characteristics  was  obtained:  b.  p.  131-132*  at  5  mm,  n^  1.4900, 
d”  1.0307,  MRp  59.1;  calc.  58.81. 

Found  <5fc:  CHjCO  19.03.  CnH«0,N.  Calculated  ojoi  CHjCO  20.35. 

The  m.  p.  of  o-acetyllupinine  hydrochloride  was  200-201*. 

o-Acetyllupinine  was  a  green  mobile  liquid  with  a  faint  odor;  it  was  insoluble  in  water  but  readily  soluble 
in  alcohol,  acetone,  edier,  ethyl  acetate,  benzene  and  methanol.  After  the  o-acetyllupinine  had  been  boiled 
for  20  min  with  aqueous  alkali  and  the  organic  part  extracted  with  ether, lupinine  with  a  m.  p.  of  68-69*  was 
readily  obtained. 

Acetylation  of  lupinine  acetate.  Lupinine  acetate  was  obtained  by  mixing  alcoholic  solutions  of  lupinine 
and  acetic  acid.  The  white  precipitate  formed  had  a  m.  p.  of  201-202*. 

Found  <5b:  CHjCOOH  25.74.  CmHisON  •  CH3COOH.  Calculated  <5b:  CHjCOOH  26.18. 

5  g  of  lupinine  acetate  was  acetylated  with  ketene  in  80  ml  of  toluene.  The  ketene  was  passed  until  tfie 
salt  had  completely  dissolved.  o-Acetyllupinine  was  obtained;  the  yield  was  4.2  g. 

Acetylation  of  a  mixture  of  anabasine  and  lupinine.  10  g  of  a  mixture  of  anabasine  and  lupinine  with  np 
1.5370  (corresponding  to  a  lupinine  content  of  about  15<^)  was  dissolved  in  20  ml  of  toluene  containing  0.1  ml  of 
glacial  acetic  acid.  The  ketene  was  passed  for  1  hr.  The  maximum  temperature  of  die  reaction  mixture  was 
42*.  After  the  latter  had  been  distilled  under  vacuum  the  followii^  fractions  were  obtained:  1st  fraction  (acetyl¬ 
anabasine)  with  a  b.  p.  of  196-200*  at  5  mm,  n|^  1.5541,  yield  80'^  (of  the  total  amount  of  mixture);  aid  frac¬ 
tion  (o-acetyllupinine)  with  a  b.  p.  of  130-132*  at  5  mm,  n®  1.4900,  yield  (of  the  total  amount  of  mixture). 
When  the  1st  and  2nd  fractions  were  saponified  anabasine  and  lupinine  were  obtained,  respectively. 

The  preparation  of  anabasine  and  lupinine  from  the  total  alkaloids  of  anabasis.  100  ml  of  a  benzene  solu¬ 
tion  containing  50  g  of  a  mixture  of  anabasine,  lupinine,  aphylline,  anaphylline  and  aj^yllidine  was  dried  with 
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melted  potash;  the  solutimi  was  then  filtered  into  a  four-necked  flask  containing  0.5  ml  of  glacial  acetic  acid. 
Ketene  was  passed  for  4  hrs;  the  consumption  of  acetone  was  400  ml  and  the  temperature  of  the  reaction  ma¬ 
ture  was  35*.  After  the  ketene  had  been  passed  the  mixture  was  a  thick,  viscous,  tou^,  dark-brown  mass  which 
was  boiled  thoroughly  with  activated  carbon.  After  the  mixture  had  been  filtered  die  benzene  was  distilled  off 
and  die  residue  was  transferred  to  a  separating  funnel  with  water  and  shaken  vigorously.  After  half  an  hour  o- 
acetyllupinine  settled  out  on  the  bottom  of  the  funnel  whereas  the  other  alkaloids  remained  in  solution.  The  o- 
acetyllupinine  was  boiled  with  alkali  for  30  min  and  the  lupinine  was  then  extracted  with  edier.  After  it  had 
been  recrystallized  from  acetone  a  yield  of  5.7  g  (10<^  of  the  total  alkaloids)  of  lupinine  widi  an  m.  p.  of  70* 
was  obtained. 

After  the  o-acetyllupinine  had  been  separated  50  ml  of  concentrated  hydrochloric  acid  was  added  to  the 
remaining  aqueous  layer  and  the  mixture  was  boiled  for  20  hrs  on  a  water  badi.  After  it  had  cooled  the  solution 
was  made  alkaline  and  the  alkaloids  were  extracted  with  ether.  By  distillation  of  the  extract  a  yield  of  40  g 
(about  80<)()  of  the  mixture  used)  of  anabasine  was  obtained  with  a  b.  p.  of  136-139*  at  10  mm  and  n^  1.5427. 

SUMMARY 

1.  Ketene  can  be  used  successfully  for  the  acetylation  of  alkaloids  in  the  presence  of  water  or  acetic  acid. 

2.  The  acetylation  of  anabasine  with  ketene  in  the  presence  of  water  takes  place  via  the  stage  of  forma¬ 
tion  of  the  corresponding  aceute. 

3.  A  new  method  was  proposed  for  separating  a  mixture  of  the  alkaloids  of  anabasine  based  on  their  acetyl 
derivatives. 

4.  o- Acetyllupinine,  which  has  not  been  described  in  the  literamre,  was  obtained. 
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SOME  PROPERTIES  OF  p  -  T  O  LUENESU  LF  O  N IC  ACID  ESTERS  OF 
n  6 -HYDROXYSTEROIDS 

Vin.  THE  POSITION  OF  THE  DITERTIARY  DOUBLE  BOND  OF  3-6  -ACETATES  OF 
17-METHYL-18-NORANDROSTENOL  AND  ANDROSTADIENOL 


O.  S.  Madaeva 


The  structure  of  a  retro-compound  of  the  androstane  series,  formed  by  heating  androstane-3B  ,17  a-dlol 
(XI)  with  anhydrous  formic  acid  was  studied  by  Mlescher  and  Kagl  [1]  who  proved  that  It  contains  a  dltertlary 
double  bond  between  Cu  and  Cn.  Earlier  [2]  It  was  shown  that  the  splitting  off  of  p-toluenesulfonlc  acid  from  the 
17-tosyl  ester  of  the  3-acetate  of  A^-androstene-3B  ,176-dlol  (I)  Is  accompanied  by  a  retro- plnacollnlc  rearrange 
ment  with  the  formatltm  principally  of  a  compound  wldt  a  m.  p.  of  95-96*  which  also  contains  a  dltertlary  double 
bond.  Until  now,  however,  the  position  of  this  double  bond  has  not  been  proven;  It  may  lie  between  C^  and  Cu 
(II)  or  between  C^  and  Cp  (III).  To  prove  the  position  It  was  sufficient  to  obtain  the  ccvrespondlng  retro-com¬ 
pound  of  the  176  -tosyl  ester  of  the  androstane  series  In  (xder  to  compare  It  with  the  3-acetate  of  17-methyl-18- 
n»-  A^'^^-androstene-  36  -ol,  which  Is  easily  obtained  by  saponification  of  the  formate  (Xni)  followed  by  acetyl¬ 
ation. 
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Of  the  various  methods  of  synthesizing  retro-compounds  horn  17-tosyl  esters  of  the  androstene  series  the  most 
interesting  is  the  synthesis  with  ethylmagnesium  brcxtiide  leading  to  an  Individual  retro-compound  with  a  di- 
tertlary  double  bond  [3].  To  obtain  the  individual  retro-compound  of  the  androstane  series,  we  therefore  decided 
to  react  ediylmagneslum  chloride  with  the  17-tosyl  ester  of  androstane-36  ,176  -dlol  (VII).  The  initial  substance 
used  for  the  synthesis  of  (VII)  was  the  3-acetate  of  A®-andro8tene-  36  ,176  -dlol  (IV)  which  after  hydrogenation  in 
glacial  acetic  acid  with  platinlc  oxide  gave  the  3-acetate  of  androstane-36  ,176  -diol  (V).  Since  it  Is  extremely 
difficult  to  purify  (IV)  from  the  17a-isomer  there  is  a  possibility  that  the  latter  was  contained  as  an  admixture 
in  (V)  also.  When  the  3-acetate, 17-tosylate  of  andro8tane-36  ,176 -diol  (VI)  is  prepared  this  possibility  Is  ex¬ 
cluded  since  Its  isomeric  17a-tosylate  is  far  more  readily  soluble  In  ether  and  passes  Into  the  filtrate  when  the 
reaction  product  is  washed  with  a  mixture  of  ether  and  petroleum  ether.  The  preparation  of  the  tosyl  derivative 
was  carried  out  in  pyridine  by  the  gradual  addition  of  p-toluenesulfonylchloride.  The  3-acetate,17-tosylate  of 
androstane-36 ,176  -diol  (VI)  was  crystallized  from  acetone.  The  17-tosyl  ester  of  androstane-36 ,176  -diol  (VII) 
was  obtained  by  the  saponification  of  (VI)  with  a  methanollc  solution  of  caustic  potash.  The  reaction  of  (VII) 
with  ethylmagnesium  chloride  and  die  subsequent  treatment  were  carried  out  under  the  conditions  described  for 
the  3-acetate,17-tosylate  of  A®-androstene-36  ,176 -diol  [3].  After  acetylation  the  tany  residue  obtained  was 


2630 


dissolved  in  gasoline  and  purified  by  passing  It  through  a  column  containing  aluminum  oxide.  By  recrystallizing 
from  methanol  a  substance  with  a  m.  p.  of  88-89.5*  was  obtained  which  showed  no  variation  In  die  melting  point 
after  a  second  crystallization.  From  the  ultimate  analysis  and  on  the  basis  of  a  positive  Kagi  and  Miescher  re¬ 
action  [4]  it  corresponded  tot  ther  acetate  of  17-methyl-18-nor- A^**^-androstene-3d -ol  (VIII). 


OH  OH  0T$  OTs 


To  synthesize  die  formate  of  17-methyl-18-nor- A“'*^-androstene-30 -ol  (Xm)  we  used  the  3-acetate, 
17-benzoate  of  A^-androstene-3B  ,17a-diol  (IX)  [5],  isolated  from  the  filtrates  after  the  separation  of  its  170- 
isomer  which  is  an  intermediate  product  in  die  synthesis  of  testosterone  [6]. 

After  the  saponification  of  (IX)  with  a  IN  medianolic  solution  of  caustic  soda  A^-androstene-30 ,17a- 
diol  (X)  was  obtained;  after  hydrogenation  in  glacial  acetic  acid  with  platinic  oxide  this  was  converted  to  an- 
drosune-30-17a-diol  (XI).  From  this  was  obtained  die  diformate  of  androstane-30 ,17a-dibl  (XII)  which  when 
heated  with  formic  acid  at  90-95*  gave  a  compound  which  from  its  ultimate  analysis  and  melting  point  corre¬ 
sponded  to  the  formate  of  17-methyl-18-nor-A^’^^-androstene-30 -ol  (XIII)  described  by  Miescher  and  Kagi. 

By  saponification  and  acetylation  of  the  latter  compound  a  substance  was  obtained  wfaicii  in  a  mixed  melt  with 
a  sample  of  (VIII),  obtained  from  die  170-tosyl  ester  of  androstane-30  -ol  gave  no  depression  of  the  melting 
point. 

The  identity  of  these  compounds  showed  that  iirthe  retro-compound,  obtained  by  splitting  off  p- toluene- 
sulfonic  acid  from  (VII),  the  double  bond  lies  between  and  Cn»  as  in  the  case  of  the  retro-compound  formed 
from  the  17a-formate  (described  by  Miescher  and  Kagi)  and  is,  therefore,  a  ditertiary  type. 

The  fact  that  individual  retro- com  pounds  widi  a  ditertiary  double  bond  both  of  the  androstane  and  the 
androstene  series  are  obtained  from  17  0  -tosyl  esters  and  are  obtained  under  like  conditions  (reaction  with  ethyl 
magnesium  chloride)  justifies  the  assumption  that  when  p-toluenesulfonic  acid  is  split  off  from  170  -tosylates 
the  ditertiary  double  bond  is  formed  only  between  Cu  and  Cg. 

The  change  in  the  carbon  skeleton  which  takes  place  when  p-toluenesulfonic  acid  is  split.off  horn  the 
170  -isomer  of  the  tosyl  ester  (I)  was  proven  by  comparing  die  acetate  of  retro-androstane-30  -ol  (XIV)  (m.  p. 
96-98*)—  the  product  of  exhaustive  hydrogenation  (III)  —  with  the  acetate  of  androstane-30 -ol  (XV)  (m.  p. 
85.5-87*),  obtained  by  the  reduction  of  androstane-30 -17- one  (XVI)  under  the  conditions  of  the  Kischner- Wolff 
method  (modified)  [8]  followed  by  the  acetylation  of  androstane-30  -ol  (XVII).  A  mixed  melt  of  (XIV)  and  (XV) 
showed  a  marked  depression  of  the  melting  point. 

o 

rh  rn  m 
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(XVI)  (XVII)  (XV) 
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EX  PERIMENT  AL 


The  3- acetate  of  androstane-3fl  ,176  -diol  (V).  1.7  g  of  the  3-acetate  of  A®-androstene-  3fl  ,170  -dlol  (IV) 
with  m.  p.  of  142- 143.5*  was  hydrogenated  in  52  ml  of  glacial  acetic  acid  in  presence  of  preliminarily  reduced 
platlnic  oxide  (0.1  g  in  25  ml  of  glacial  acetic  acid).  After  the  usual  treatment  the  precipitate  obtained  was 
subjected  to  chromatography  in  a  mixture  of  benzene  and  gasoline  (1:3)  on  aluminum  oxide.  The  precipitate 
obtained  from  the  chloroform  washings  had  a  m.  p.  of  114-116*  after  several  recrystallizations  from  methanol 
and  did  not  give  a  yellow  coloration  with  tetranltrometliane. 

Found  C  75.15;  H  10.13.  C11H34O3.  Calculated  C  75.38;  H  10.25. 

The  3-acetate, 17-tosylate  of  androstane-30  ,170 -dlol(VI).  0.27  g  of  the  3-acetate  of  androstane-38  , 

170  -dlol  (V)  was  dissolved  In  0,81  g  of  dry  pyridine,  the  solution  being  cooled  with  Ice  water;  0.36  g  of  p-toluene- 
sulfonylchloride  was  then  added  gradually  and  the  mixture  allowed  to  stand  at  room  temperature.  The  reaction 
mass  was  then  decomposed  widi  10  times  the  amount  of  ice  water;  the  white  precipitate  formed  was  filtered  off, 
dissolved  in  benzene,  the  benzene  solution  was  washed  with  a  5%  aqueous  solution  of  hydrochloric  acid  and  with 
water  until  it  gave  a  neutral  reaction  and  was  then  dried  with  anhydrous  sodium  sulfate.  After  the  benzene  had 
been  distilled  off  under  vacuum  the  white  precipitate  remaining  was  mixed  with  a  mixture  of  ether  and  petroleum 
ether  (2;  1);  0.28  g  of  a  substance  with  a  m.  p.  of  170-171*  was  obtained;  a  further  0.02  g  of  a  substance  with 
a  m.  p.  of  168-170*  was  Isolated  from  the  filtrate.  Both  precipitates  were  recrystallized  from  acetone  and  com¬ 
pound  (VI)  witii  a  m.  p.  of  173-174r5*  was  isolated. 

Found  C  68.75;  H  8.08;  S  6.74.  CjgliioOsS.  Calculated  C  68.81;  H  8.25;  S  6.55. 

The  17-tosylate  of  androstane-30  ,170  -dlol  (VII).  0.2  g  of  (VI)  was  boiled  with  a  methanollc  solution  of 
caustic  potash  (0.24  g  of  KOH  in  16.6  ml  of  methanol)  for  1.5  hrs.  After  the  methanol.had  been  reduced  to  a 
small  volume  by  distillation  the  precipitate  was  decomposed  with  water,  the  white  precipitate  formed  was  ex¬ 
tracted  with  ether  and  die  ether  extract  washed  with  water  until  it  gave  a  neutral  reaction;  after  die  ether  had 
been  distilled  off.the  precipitate  (0.12  g)  was  recrystallized  twice  from  methanol  and  then  from  ether;  clusters 
of  needles  with  a  m.  p.  of  131-132*  were  obtained. 

Found  C  69.67;  H  8.68;  S  7.09,  6.96.  CJ6H3JO4S:  Calculated  <55,:  C  69.90;  H  8.58;  S  7.17. 

The  acetate  of  17-methyl-18-n(y-  A^*”-andtostene-30  -ol  (Vni).  20  ml  of  an  ethereal  solution  of  ethyl- 
magnesium  chloride  (4.18<)l>)  was  added  to  a  boiling  ethereal  solution  of  0.7  g  of  (VII);  a  white  flocculent  pre¬ 
cipitate  was  formed  immediately.  After  15  min  about  35  ml  of  ether  was  distilled  off  from  the  reaction  mass 
and  25  ml  of  anhydrous  benzene  was  dien  added;  after  7-10  ml  of  the  mixture  of  solvents  had  been  driven  off 
boiling  was  continued  for  a  further  2  hrs  15  min.  Toward  the  end  of  this  period  a  thick,  jelly-like  mass  was 
formed  in  the  flask.  After  it  had  been  decomposed  with  water  and  acidified  with  3%  sulfuric  acid  the  ethereal 
layer  was  wa^ed  with  water  until  it  gave  a  neutral  reaction  and  chlorine  could  no  longer  be  detected  in  the  wash 
water;  it  was  then  dried  over  calcined  sodium  sulfate.  After  the  ether  had  been  distilled  off  0.56  g  of  a  slightly 
yellowiA  oil  was  obtained  which  gave  a  positive  Kagi  and  Miescher  reaction  and  did  not  contain  halogen.  To 
isolate  pure  (VIII)  the  precipitate  obtained  was  acetylated:  0.56  g  of  the  oil  was  dissolved  in  2.24  ml  of  anhy¬ 
drous  pyridine,  0.56  g  of  acetic  anhydride  was  added  and  the  mixture  left  for  24  hrs  at  room  temperature.  After 
the  usual  treatment  0.56  g  of  an  almost  colorless  oil  was  obtained;  this  was  dissolved  in  10  ml  of  gasoline  (b.  p. 
6O-8OT)  and  passed  through  a  column  containing  aluminum  oxide.  After  the  column  had  been  washed  with  a  gaso¬ 
line-benzene  mixture  (1: 1)  and  the  solvents  distilled  off  an  oily  product  was  obtained  which  gave  platelets  with 
a  m.  p.  of  88-89.5*  after  it  had  been  recrystallized  from  methanol. 

Found  C  79.63,  79.76;  H  10.34,  10.55.  CaHjiOj.  Calculated  %:  C  79.68;  H  10.20. 

The  3-acetate,  17-benzoate  of  A^-androstene-3 0  ,17a-diol  (IX).  15  g  of  the  dark  tarry  mass  obtained 

after  the  separation  of  the  3-acetate, 17-benzoate  of  A®-androstene-30  ,170  -diol  was  dissolved  in  150  ml  of 
ether;  the  ethereal  soluticxi  was  washed  with  a  5%  solution  of  alkali  to  hee  it  from  admixture!  of  pyridine  and 
it  was  then  washed  with  water.  After  the  ethereal  solution  had  been  dried  with  sodium  sulfate  the  ether  was 


2632 


distilled  off.  9  g  of  a  tarry  residue  was  obtained  and  dissolved  in  150  ml  of  a  mixture  of  gasoline  (b.  p.  60-80*) 
and  benzene  (4 : 1);  the  solution  was  passed  through  160  g  of  aluminum  oxide  in  a  column  which  was  washed  with 
the  same  mixture  of  solvents.  The  washing  fractions  were  collected  in  50  ml  lots  until  a  solution  of  the  investi¬ 
gated  sample  in  glacial  acetic  acid  did  not  give  a  blue  color  when  boiled  with  a  few  drops  of  chemically  pure 
sulfuric  acid,  a  test  which  is  characteristic  for  17a-esters.  All  the  washings  which  gave  a  positive  reaction  for 
the  17a-benzoate  (IX)  were  collected  together  and  after  the  solvent  had  been  distilled  off  isopropyl  alcohol  was 
added;  5  g  of  a  crystalline  precipitate  was  obtained  which  was  passed  a  second  time,  under  the  same  conditions 
as  in  the  first  instance,  through  a  column  containing  aluminum  oxide.  The  middle  washing  fractions  were  collec¬ 
ted  and  after  the  evaporation  of  the  gasoline-benzene  mixture  they  crystallized  from  ether  as  needles,  charac¬ 
teristic  for  (IX).  After  several  recrystallizations  from  isopropyl  ether  1.5  g  of  (IX)  with  a  m.  p.  of  130-131*  was 
obtained. 

A^-Androstene-33  ,17  a-diol  (XI).  (IX)  was  saponified  with  a  IN  methanolic  solution  of  caustic  soda  [5]. 
Compound  (X)  with  a  m.  p.  of  195-198.5*  was  obtained. 

Androstane-36  ,17  a-diol  (XI).  A®-Androstene-36  ,17a-diol  (X)  was  hydrogenated  in  glacial  acetic  acid 
with  platinic  oxide.  After  appropriate  treatment  the  precipitate  formed  (XI)  did  not  give  a  yellow  coIot  with 
tetranitromethane  and  melted  at  212.5-213.5“  [5]. 

Diformate  of  androstane-38  ,17a-diol  (XII).  0.56  g  of  (XI)  was  carefully  heated  with  3  ml  of  freshly- distilled 
99%  formic  acid  at  30-40°.  After  11  min  all  the  precipitate  had  gone  into  solution;  heating  was  continued  at 
25-30*  for  2  hrs.  Towards  the  end  of  this  period  the  entire  mass  crystallized  out  and  a  slightly  bluish  tint  appeared . 
The  precipitate  was  separated  from  the  liquid,  washed  with  water  (until  a  neutral  reaction  was  obtained)  and  with 
2  ml  of  a  mixture  of  petroleum  ether  and  acetone.  0.65  g  of  (XII)  was  obtained.  When  it  had  been  dried  at  45* 
under  the  vacuum  produced  by  a  water-jet  pump  the  diformate  melted  at  152-154*. 

Formate  of  17-methyl-18“nor- A^»”-androstene-38 -ol  (XIII).  0.3  g  of  (XII)  was  carefully  heated  with 
1.5  ml  of  99%  formic  acid.  The  precipitate  rapidly  passed  into  solution  and  heating  was  continued  for  50  min, 
the  solution  gradually  turning  blue  and  then  becoming  dark-violet;  a  layer  of  colorless  oil  separated  out  at  the 
top.  After  extraction  with  petroleum  ether  the  extracts  obtained  were  washed  twice  with  formic  acid,  ice  water, 
sodium  bicarbonate  solution  and  then  with  water  again  until  a  neutral  reaction  was  obtained.  The  extracts  were 
dried  over  calcined  sodium  sulfate;  the  petroleum  ether  was  driven  off  until  only  a  small  quantity  remained  and 
0.11  g  of  a  crystalline  substance  which  did  not  give  a  Kagi  and  Miescher  reaction  was  obtained.  When  anhydrous 
alcohol  was  added  to  the  filtrate,  compound  (XIII)  with  a  m.  p.  of  109-110*  was  precipitated. 

Found  %:  C  79.62;  H  10.08.  C20H30O2.  Calculated  %:  C  79.41;  H  10.00. 

The  acetate  of  17-methyl-18-nor- A^»^^-androstene-38 -ol  (VIII).  0.1  g  of  (XII)  was  saponified  with  an 
aqueous-methanolic  solution  of  potash  (0.1  g  of  K2CO3  +  0.6  ml  of  HjO  +  7  ml  of  CHsOH),  the  mixture  being 
boiled  for  1  hr  15  min.  After  the  usual  treatment  the  colorless  oil  obtained  was  acetylated  in  pyridine  with  acetic 
anhydride  at  room  temperature  for  24  hrs;  it  was  then  poured  into  water,  extracted  with  ether  and  the  ediereal 
layer  was  washed  free  from  acid  with  water  and  dried  over  sodium  sulfate.  After  the  ether  had  been  distilled  off 
the  oily  residue  obtained  (0.09  g)  was  dissolved  in  gasoline  and  transferred  to  aluminum  oxide.  A  white  crystal¬ 
line  precipitate  was  deposited  from  the  first  washings  and  after  recrystallization  from  methanol  this  melted  at 
87-88.5*  and  gave  a  definite  Kagi  and  Miescher  reaction;  a  mixed  melt  with  a  sample  of  the  acetylated  reac¬ 
tion  product  of  (VII)  with  ethylmagnesium  chloride  showed  no  depression  of  the  melting  point. 

The  acetate  of  17-methyl-18-norandrostane-36  -ol  (XIV).  0.1  g  of  (III)  was  exhaustively  hydrogenated  in 
the  presence  of  preliminarily  reduced  platinic  oxide  (0.1  g  in  4  ml  of  glacial  acetic  acid)  in  5  ml  of  glacial  acetic 
acid.  The  theoretical  amount  of  hydrogen  was  absorbed;  after  the  usual  treatment  0.1  g  of  a  light-yellow  oil 
was  obtained,  which  crystallized  out  on  standing  for  5  months.  The  precipitate  was  recrystallized  from  ethyl  alco¬ 
hol,  the  m.  p.  being  92-98*;  it  did  not  give  a  Kagi  and  Miescher  reaction,  a  color  with  tetranitromethane  or  a 
reaction  with  antimony  trichloride  in  chloroform,  which  indicates  that  both  double  bonds  had  been  completely 
hydrogenated.  After  a  second  recrystallization  from  ethyl  alcohol  elongated  platelets  with  a  m.  p.  of  96-98* 
were  obtained.  A  mixed  melt  of  (XIV)  and  (XV)  melted  at  about  70*. 

Found  %:  C  79.03;  H  10.71.  C2iH3402.  Calculated  %:  C  79.17;  H  10.76. 
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Andro8tane-38-ol  (XVII).  0.2  ml  of  hydrazine  hydrate  and  sodium  diethylene  glycolate  (prepared  from 
0.05  g  of  sodium  in  3  ml  of  diediylene  glycoOwas  added  to  a  solution  of  0.2  g  of  (XVI)  in  7  ml  of  diethylene 
glycol  and  heated  for  2  hrs  at  a  bath  temperature  of  200*  and  then  for  a  further  3  hrs  at  210-213*.  After  it  had 
cooled,  the  solution  which  had  turned  sli^tly  yellow  was  poured  into  25  ml  of  water,  acidified  with  4N  hydro¬ 
chloric  acid  and  extracted  with  ether.  The  ether  was  evaporated  and  die  precipitate  obtained  was  crystallized 
from  acetone;  it  melted  at  148-148.5*  [7]. 

The  acetate  of  androstane-36  -ol  (XV).  0.07  g  of  (XVII)  was  dissolved  in  0.3  g  of  pyridine,  0.1  g  of  acetic 
anhydride  was  added  and  the  mixture  was  left  at  room  temperature  for  24  hrs.  After  the  usual  treatment  a  tarry 
crystalline  precipitate  (0.07  g)  was  obtained,  which  after  it  had  been  crystallized  from  aqueous  acetone  formed 
clusters  of  long  needles  with  a  m.  p.  of  85.5-87*. 

SUMMARY 

1.  An  "individual  retro-compound"  of  the  androstane  series  —  acetate  of  17-methyl-18-nor- A^'^-andro- 
stene-36  -ol  (VIE)  —  was  obtained. 

2.  The  location  of  the  ditertiary  double  bond  between  and  Cjf  in  the  main  product  obtained  by  the 
splitting  off  of  p-toluenesulfonic  acid  from  178  -tosyl  esters  both  of  the  androstane  and  androstene  series  was 
proven. 

3.  It  was  shown  that  the  "individual  retro-compound"  with  a  m.  p.  of  96-98*  (XIV)  has  the  unchanged 
carbon  skeleton  of  the  steroids. 


LITERATURE  CITED 

[1]  K.  Miescher  and  H.  Kagi,  Helv.  Chim.  Acta  32,  761  (1949). 

[2]  O.  S.  Madaeva  and  F.  A.  Luryi,  Proc.  Acad.  Sci.  USSR  84,  713  (1952). 

[3]  O.  S.  Madaeva,  J.  Gen.  Chem.  25,  1427  (1955).* 

[4]  H.  Kagi  and  K.  Miescher,  Helv.  Chim.  Acta  22,  683  (1939). 

[5]  L.  Ruzicka  and  H.  Kagi,  Helv.  Chim.  Acta  19,  842  (1936). 

[6]  L.  Ruzicka,  A.  Wettstein,  and  H.  Kagi,  Helv.  Chim*  Acta,  18,  1478  (1935). 

[7]  R.  D.  H.  Heard  and  A.  F.  McKay,  J.  Biol.  Chem.  165,  677  (1946). 

[8]  Huang-Minlon,  J.  Am.  Chem.  Soc.  68,  2487  (1946). 


Received  October  11,  1956 


All-Union  S.  Ordzonikidze  Scientific-Research 
Chemical-Hiarmaceutical  Institute 


*  Original  Russian  pagination.  See  C3.  Translation. 


2634 


REACTIONS  OF  DIKETENE 


V.  THE  REACTION  OF  DIKETENE  WITH  DIHYROXYNAPHTHALENES 

V.  V.  Perekalin  and  G.  D.  Padva 


The  reaction  of  diketene  with  aromatic  hydroxy  compounds  has  attracted  the  attention  of  Investigators  be¬ 
cause  of  the  possibility  of  a  simple  method  of  synthesizing  difficultly  obtainable  aceto-acetfc  esters  of  phenols 
which  are  not  formed  when  phenols  react  with  aceto-acetic  esters  and  the  possibility  of  die  heterocyclicization 
of  o-acetoacetyl{^enols  into  derivatives  of  the  coumarin  series. 

The  following  facts  are  known  with  regard  to  the  reaction  of  diketene  with  aromatic  hydroxy  compounds, 
principally  phenols:  1)  in  the  presence  of  basic  [1-3]  and  acid  [1,  2,4]  catalysts  the  initial  substances  form  aceto- 
acetic  esters  of  phenols,  with  high  yields,  2)  in  excess  sulfuric  acid  [3]  and  with  aluminum  chloride  [5]  diese  esters 
are  cyclicized  into  coumarin  derivatives,  3)  by  the  reaction,  discovered  by  one  of  us  together  with  K.  B.  Rail, 
coumarins  are  formed  by  the  direct  reaction  of  diketene  with  a  number  of  aromatic  hydroxy  compounds  in  ether 
in  the  presence  of  sulfuric  acid  [5-7], 


In  order  to  extend  the  field  of  aromatic  compounds  which  react  with  diketene  and  to  discover  new  methods 
of  synthesizing  coumarin  derivatives  we  investigated  the  reaction  of  diketene  with  a  series  of  dibydroxynaj^tha- 
lenes.  The  diacetoacetoxynaphthalenes  (I)-(VII)  (Table  1)  were  synthesized  from  1,4-,  1,5-,  1,8-,  1,2-,  1,7-, 
2,6-  and  2,7-dihydroxynai^thalenes  and  2  moles  of  diketene  in  the  presence  of  pyridine  and  benzene.  Acid 
catalysts  (sulfuric  acid,  phosphorus  oxychloride)  in  accordance  with  the  previously-considered  mechanism  [6] 
also  favor  the  reaction  (but  to  a  lesser  degree);  dihydroxynaphthalenes  are  not  acetoacetylated  by  diketene  with¬ 
out  die  use  of  catalysts. 

In  order  to  establish  the  structure  the  diacetoacetoxynaphthalenes  obtained  were  hydrolyzed  and  introduced 
in  the  reaction  with  p-nitrophenyUiydrazine.  Heating  with  dilute  hydrochloric  acid  led  to  the  formation  of  die 
initial  dihydroxynai^thalenes  and  acetone,  the  1,5-acetoacetoxynaphthalene  (II)  being  found  to  be  particularly 
unstable  to  hydrolysis  and  decomposed  by  heating  with  96  ojo  ethanol.  All  the  acetoacetoxy  derivatives  reacted 
with  p-nitrophenylhydrazine  on  account  of  their  acetoacetyl  groups  and  formed  methyl-p-nitrof^enylpyrazolone. 


The  structure  of  the  diacetoacetoxynaphthalenes,  confirmed  by  analytical  data,  was, there  fore,  not  open  to 
question.  Ch  -  c - CH, 

II  I 

C=0 

N 


NOj 

0 

oA 


CH, 


OCOCH3 


(X) 


The  reduction  In  the  yield  of  1,2-diacetoacetoxynaphthalene  (IV)  compared  to  the  yields  of  other  diaceto- 
acetoxy  derivatives  and  the  synthesis  of  only  the  monoacetoacetoxy  derivative.  (Vm)  from  2,3-dihydroxynaphtha- 
lene  was  possibly  caused  by  the  blocking  of  the  hydrogen  atom  by  one  of  the  hydroxyl  groups  as  a  result  of  the 
formation  by  the  latter  of  an  intramolecular  hydrogen  bond.  The  fact  that  attempts  to  form  monoacyl  derivatives 
of  dihydroxynaphthalenes  (with  the  exception  of  2,3-dihydroxynaphthalene)  were  uiuuccessful  is  worthyLof  note. 

The  reaction  of  dihydroxynaphthalenes  with  1  mole  of  diketene  was  completed  by  the  formation  of  diacetoacetoxy- 
naphthalenes  with  yields  which  were  half  those  obtained  when  they  reacted  with  2  moles  of  diketene  and  by  the 
liberation  of  the  dihydroxyna^jhthalene  which  had  not  taken  part  in  the  reaction. 

TABLE  1 


Diacetoacetoxynaphthalenes 


No.  of 
compound 

Position  of  the 
acetoacetoxy 
groups 

Stmctural 

formula 

Yield 
(as  <50 

I 

1 

1.4- 

OR 

1 

TTl 

73 

1( 

1.5- 

\/\/ 

1 

OR 

OR 

1 

/\.  \ 

1  i  1 

91 

III 

1,8- 

\/\/ 

1 

OR 

OR  OR 

1  1 
/\/\ 

1  1  1 

59 

IV 

1.2- 

1  1  1 
\/\/ 

OR 

j^\^rOR 

32 

V 

1.7- 

1  1  1 
\/\/ 

OR 

'  "“x/xA 

1  1  1 

59 

VI 

2.6- 

1  1  1 
\/\/ 

45 

VII 

2.7- 

^11 

78 

VIII* 

2.3- 

-  , 

57 

^  OH 

♦A  single  monoacetoacetoxynaphthalene  is  also  included  in  the  table. 


Only  diacetyl  derivatives  are  formed  by  the  acetylation  of  dihydroxynaphthalenes  [8].  At  the  same  time 
the  alkylation  reaction  (methylation)  is  completed  by  the  synthesis  of  both  mono-  and  dialkoxynaphthalenes,  de¬ 
pending  on  the  ratio  of  die  components  [9].  The  suggestion  was  advanced  [10]  that  in  the  monoacyl  derivative, 
formed  primarily  by  the  acylation  of  dihydroxynaphthalenes,  the  free  hydroxyl  becomes  more  reactive,  under  the 
influence  of  the  acyl  group,  than  in  the  initial  dihydroxynaphthalene;  die  reaction  is,  dierefore,  directed  toward 
die  formation  of  only  diacylated  dihydroxynaphdialenes;  the  alkyl  group  in  monoalkylated  dihydroxynaphthalenes 
does  not,  however,  appreciably  alter  the  activity  of  the  unsubstituted  hydroxy  group. 
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TABLE  2 


Coumarin  Derivatives  of  Dihydroxynaphtfialenes 


No.  of] 
com¬ 
pound 


Structural  formula 


Yield  (as 


From  dIhydroxy  - 
na  '  ’  ’  ‘ 

ac 


From  diacetoacet- 


phthal^es  by  the  I  oxvnaphthalenes 

;tion  of _ l(calc.on  the  basis 

of  d^ydroxynaph- 
thalenes). 


Dlketene 


Aceto- 

acetic 

ester 


IX 


XI 


XII 


XIII 


4-Methyl-6-hy- 
droxy- 7,8-benzoj 
coumarin 


4-Methyl- 7,8-(4' 
hydroxybenzo) 
-coumarin 


4Methyl-7,8(l* 
-hydroxybenzo) 
-coumarin  ' 


4-Methyl- 7, 8-(2' 
-hydroxybenzo) 
-coumarin 


4-Methyl-5,6-(2* 

-hydroxybenzo) 

-coumarin 


HO 


/\ 

?  I 


CH, 


\/\/ 

H5C 


HOs 


YV 


75 


86 


89 


78 


59 


95 


79 


88 


88 


67 


68.6 


90.8 


55 


56 


72.7 


The  second  task  of  die  investigation  —  the  synthesis  of  coumarins  from  diketenes  and  dihydroxynaphthalenes 
(Table  2)  -*  was  resolved  by  two  methods:  1)  the  initial  components  in  a  five-molar  excess  of  96<^  sulfuric  acid 
immediately  formed  high  yields  of  the  monocoumarin  derivatives  of  (IX)-(XIII):  2)  the  diacetoacetoxynaphtha- 
lenes  (I)-(III),  (V),  (VII)  in  80%  sulfuric  acid  (converted  to  dihydroxynaphthalenes  with  reduced  yields)  were  heterc 
cyclicized  into  methylhydroxybenzocoumarins  due  to  the  one  acetoacetoxy  group.  The  first  method,  which 

was  used  successfully  for  hydroxy  compounds  of  the  benzene  series,  is  a  convenient  method  for  synthesizing  cou¬ 
marins  from  diketene  and  aromatic  hydroxy  compounds. 

Finally,  the  synthesis  of  the  same  monocoumarins  was  canied  out  by  a  third  method:  from  acetoacetic 
ester  and  dihydroxynaf^thalenes;  die  coumarins  (IX)  [11]  and  (X)  [12]  were  obtained  in  accordance  with  litera¬ 
ture  data. 

The  substances  obtained  were  stable  to  hydrolysis,  dissolved  in  dilute  alkalis  and  formed  acetylcoumarins 
(XIV)-(XVIII)  by  the  action  of  acetic  anhydride  and,  therefore,  contained  a  free  hydroxyl  group,  i.  e.,  they  were 
monocoumarins.  It  should  be  pointed  out  that  hydroxycoumarins  are  not  acetoacetylated  by  diketene.  The  struc¬ 
ture  of  the  coumarins,  synthesized  by  die  three  different  methods,  was  not,  for  the  most  part,  open  to  question 
[(IX),  (X),  (XI),  (XVni)]  since  in  the  initial  dihydroxynaphthalenes  or  their  diacetoacetyl  derivatives  there  was 


only  one  possibility  of  monoheterocyclicization  on  account  of  the  hydroxyl  and  then  only  of  0  -  [(I),  (II),  (HI)]  or 
o-[(VII)]-carbon  atoms  of  the  ring.  It  is  only  in  1,7-dihydroxynaphthalene  that  the  heterocycle  can  be  formed 
in  two  ways:  with  the  participation  of  the  a-  or  6  -positions  (V). 

In  the  present  work  and  previously  conducted  investigations  it  was  shown,  however,  that  the  formation  of 
methylbenzocoumarin  from  diketene  [6]  or  acetoacetic  ester  [13,  14]  and  1-naphthol,  and  also  1-acetoacetoxy- 
naphthalene  (a-cyclicization)  proceeded  smoothly,  giving  yields  which  were  almost  quantitative,  whereas  it  was 
only  possible  to  synthesize  coumarin  from  2-naphthol  (6  -cyclicization)  with  great  difficulty  (when  diketene  in 
sulfuric  acid  was  used  the  yield  was  only  3%).  It  has  not  yet  proved  possible,  however,  to  heterocycllcize  2-aceto- 
acetoxynaphthol.  The  coumarin  (XII)  was,  therefore,  formed  according  to  the  1-naphthol  type. 

These  same  reasons  were  the  cause  of  the  failure  of  attempts  to  synthesize  coumarins  from  2,6-  and  2,3- 
dihydroxynaphthalenes  and  by  the  same  token,  their  di-  and  monoacetoacetyl  derivatives. 

Finally,  it  is  necessary  to  explain  the  example  of  6  -cyclicization  in  the  formation  of  hydroxybenzocou- 
marin  from  diketene  and  2,7-dihydroxynaphthalene  and  its  diacetoacetyl  derivative.  The  cause  evidently  con¬ 
sists  in  the  fact  that  in  2,7-dihydroxynaphthalene,  as  a  result  of  the  coordinated  orientation  of  the  hydroxyl  groups, 
the  activity  of  the  a-position  is  greater  than  in  the  2,6-  and  2,3-isomers  where  the  hydroxyl  groups  activate  the 
naphthalene  ring  in  an  uncoordinated  manner. 


-/ 

VN— OH 


\/\/ 

-1 


-OH 


The  structure  of  1,2-dihydroxynaphthalene  and  its  diacetoacetyl  derivatives  excluded  the  possibility  of 
cyclicization  (the  3-position  in  naphthalene  derivatives  is  not  very  active  but  a  seven-membered  ring  based  on  the 
8  position  is  not  justified  with  respect  to  energy  relationships). 

The  mechanism  of  the  heterocyclicization  of  the  diacetoacetoxy  derivatives  is  as  follows:  1)  a  monocou- 
marin  ring  is  formed  by  the  splitting  off  of  water;  2)  as  a  result  of  the  reduction  in  the  activity  of  the  unsubsti¬ 
tuted  positions  of  the  naphthalene  ring  closure  of  the  second  ring  becomes  difficult  and  the  second  acetoacetyl 
group  is  saponified.  This  explains  the  failure  of  attempts  to  obtain  dicoumarins  from  dihydroxy  naphthalenes  and 
diketene  and  also  of  attempts  to  isolate  acetoacetoxy  derivatives  of  monocoumarins. 

In  the  direct  synthesis  of  coumarins  from  dihydroxynaphthalenes  and  diketene  or  acetoacetic  ester  the  reac¬ 
tion  proceeds  (with  greater  reliability  in  the  latter  instance),  as  in  the  case  of  carbylation  of  phenols,  in  the  ortho 
position  to  hydroxyl  followed  by  closure  of  the  ring  [6]. 

EXPERIMENTAL 

1.4- ,  1,5-,  1,8-,  1,2-,  1,7-,  2,6-,  2,7-,  and  2,3-dihydroxynaphthalenes  were  obtained  by  previously-de¬ 
scribed  mediods  [15-22]. 

Examples  of  the  syntheses,  typical  for  each  group  of  substances,  are  given  below.  Deviations  from  the  general 
methods  and  specific  features  of  the  individual  substances  are  mentioned  separately.  The  analytical  data  and  the 
melting  points  are  given  in  Tables  3-5. 

I.  The  Preparation  of  Diacetoacetoxynaphthalenes 

1.4- Diacetoacetoxynaphthalene  (1).  A  solution  of  2.0  g  (0.023  mole)  of  96-97  diketene  in  5  ml  of  ben¬ 
zene  was  added  gradually  to  a  suspension  of  1.6  g  (0.01  mole)  of  1,4-dihydroxynaphthalene  in  20  ml  of  benzene 
conuining  2  drops  of  pyridine  and  the  mixture  was  heated  to  boiling.  After  it  had  been  boiled  for  2  hrs  and  the 
odor  of  diketene  had  disappeared  the  hot  solution  was  filtered  and  concentrated  to  a  volume  of  5  ml;  after  it 
had  cooled  a  {vecipitate  was  formed  and  this  was  separated  and  washed  several  times  with  small  amounts  of  ether. 


•  The  indices  signify  the  comparative  activity. 
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TABLE  3 


Acetoacetoxynaphthalenes 


No.  of 

Analytical  data  (as 

Melting 

com¬ 

pound 

point 

c 

H 

M 

I 

123-124° 

66.17.  65.97 

5.18.  5.19 

1 

314.  310 

II 

152—153 

66.01.  65.48 

5.19.  5.04 

303.  340 

III 

126-127 

65.89.  66.17 

5.15.  4.19 

320.  300 

IV 

93-94 

66.01.  65.87 

5.18.  5.14 

306.  312 

V 

83-84 

66.10.  65.91 

5.13.  5.07 

323.  338 

VI 

125-126  , 

65.99.  66.02 

5.18.  5.18 

298.  350 

VII 

122—123 

65.72.  65.94 

5.16.  5.14 

301.  310 

VIII 

121.5-122 

68.40.  68.81 

5.34.  5.25 

231.  226 

Calculated 

For 
I— VII 

65.85 

4.88 

328 

VIII 

68.85 

4.92 

244 

TABLE  4 
Coumarim 


No.  of 

Analytical  data  (as 

compound 

Melting  point 

c 

H 

IX 

281—282°  Ethanol 

74.04.  74.69 

4.70.  4.69 

X 

296—299  Aqueous  pyridine 

— 

— 

XI 

218—219  Carbaitetrachlor- 

74.45.  74.07 

4.58.  4.61 

ide 

XII 

275—^76  Ethanol 

74.23.  74.38 

4.65.  4.61 

XIII 

268—270  Ethanol 

74.38.  74.34 

4.73  4.67 

Calculated 

74.33 

4.42 

TABLE  5 
Acetylcoumarins 


No.  of 
compound 

Melting  point 

1  Analytical  data  (as 

C 

H 

M 

XIV 

187.5—188°  Ethanol 

71.84.  71.84 

4.76.  4.84 

269.  265 

XV 

204  Ethanol 

71.43.  71.46 

4.76.  4.90 

253.  250 

XVI 

202  Ethanol 

71.71.  71.76 

4.71.  4.93 

280.  274 

XVII 

172  Aqueous  acetone 

71.78.  71.74 

4.57.  4.34 

270.  259 

XVIII 

204  Acetone 

71.69.  71.72 

4.78.  4.85 

280.  278 

Calculated 

71.64 

4.48 

268 
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The  compound  (I)  was  in  the  form  of  slightly  colored  crystals,  readily  soluble  in  acetone,  difficultly  soluble  in 
ethanol,  chloroform  and  benzene  and  insoluble  in  ether;  attempts  to  recrystallize  it  resulted  in  partial  hydrolysis. 

1, 2-Diace toacetoxynaphthalene  (IV)  was  obtained  in  the  form  of  an  oil  which  crystallized  after  treatment 
with  ether. 

2-Hydroxy-3-acetoacetoxynaphthalene  (VIII)  was  synthesized  with  a  somewhat  better  yield  by  reacting  with 
1  instead  of  2  moles  of  diketene. 

The  Hydrolysis  of  1,4-Diacetoacetoxynatrfithalene 

A  suspension  of  0.15  g  of  (I)  in  10  ml  of  hydrochloric  acid  was  heated  for  1  hr  on  a  boiling  water  bath. 
After  the  solution,  which  was  filtered  hot,  had  cooled  the  initial  1,4-dihydroxynai^dialene  was  precipitated.  The 
yield  was  0.07  g  (96<^).  The  m.  p.  was  174-175*.  A  mixed  melt  with  a  sample  of  1,4-dihydroxynaphthalene 
(m.  p.  176-177*)  had  a  m.  p.  of  175-176*.  Acetone  was  detected  qualitatively  in  the  filtrate  by  the  reaction  witfi 
o-nitrobenzaldehyde  (formation  of  indigo). 

The  Reaction  of  1,4-Diacetoacetoxynaphthalene  widi  p-Nltroi:Aienylhydrazine 

A  solution  of  0.3  g  (0.002  mole)  of  p-nitrophenylhydrazine  in  15  ml  of  ethanol  and  2  drops  of  glacial  acetic 
acid  was  added  to  a  solution  of  0.328  g  (0.001  mole)  of  (II)  in  20  ml  of  ethanol,  the  latter  solution  being  heated 
to  boiling.  A  precipitate  was  formed  after  24  hrs;  the  m.  p.  was  211-212*  (from  ethanol).  A  mixed  melt  with 
methyl-p-nitrophenylpyrazolone  (m.  p.  218*)  had  a  m.  p.  of  216-217*. 

The  reaction  of  (I)  with  p-nitrophenylhydrazine  proceeded  for  1  hr  in  glacial  acetic  acid.  (V)  reacted  with 
p-nitrophenylhydrazine  in  dioxane  for  two  days. 

The  yields  of  p-nitrophenylpyrazolones  from  (I)-(Vin)  were  80,  70,  70,  48,  62,  32,  62,  and  62<5(>,  respectively. 

II.  4-Methyl-6-hydroxy-7,8-benzocoumarln  (IX). 

a)  Fran  diketene  and  1,4-dihydroxynaphthalene.  2.8  g  of  96<5()  sulfuric  acid  (excess  of  5  moles)  was  added 
gradually  to  a  solution  of  1.6  g  (0.01  mole)  of  1,4-dihydroxynaphthalene  in  2.0  g  of  96<)(>  diketene  (0.023  mole) 
in  3  ml  of  ether^:ooled  to  —10*.  After  being  kept  for  5  hrs  at  room  temperature  the  reaction  mixture  was  poured 
onto  finely-crushed  ice.  The  brown-red  precipitate  of  (IX)  which  was  formed  (brown-red  platelets  after  recrystal¬ 
lization)  was  difficultly  soluble  with  heating  in  alcohol  and  acetone;  it  was  unchanged  as  a  result  of  heating  it  in 
dilute  alkaline  solutions  and  hydrochloric  acid  suspensions. 

b) From  1,4-diacetoacetoxynaphthalene  (I).  2.1  g  (0.0064  mole)  of  (I)  was  dissolved  at  0*  in  10  ml  of  80^ 
sulfuric  acid;  a  green  solution  was  formed  which  gradually  turned  brown-red.  After  the  solution  had  been  kept 
for  2  hrs  at  room  temperature  an  orange-red  product  began  to  be  deposited  from  it.  After  24  hrs  the  reaction  mlx~ 
ture  was  poured  onto  ice,  the  precipitate  was  separated  and  wa^ed  widi  water.  The  m.  p.  was  281-282*  (from 
alcohol).  A  mixed  melt  with  the  coumarin  (IX)  did  not  show  a  depression  of  the  melting  point. 

c)  Fitan  1,4-dihydroxynaphthalene  and  acetoacetic  ester.  Sulfuric  acid  (96')fc;  excess  of  5  moles)  was  added 
gradually  at  0*.  The  mixture  was  kept  at  room  temperature  for  5  hrs.  A  brown-red  precipitate  was  formed  when 
the  mixture  was  poured  onto  ice.  A  mixed  melt  of  the  purified  product  and  (IX)  showed  no  depression  of  the 
melting  point. 

III.  4-Methyl-6-acetoxy-7,8-benzocoumarin  (XIV). 

0.2  g  of  (IX)  was  boiled  for  1  hr  with  3  ml  of  acetic  anhydride.  After  it  had  been  evaporated  a  brown  crystal¬ 
line  precipitate  remained,  which  was  insoluble  in  dilute  alkalis  in  the  cold.  The  m.  p.  was  187.5-188*  (from  alco¬ 
hol). 


*  In  the  presence  of  ether  the  yield  of  coumarin  is  reduced  by  about  5-10<)(>. 
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SUMMARY 


1.  In  the  presence  of  basic  and  acid  catalysts  diketene  reacts  with  dihydroxynaphthalenes  and  forms  aceto- 
acetoxyna[^thalenes. 

2.  A  new  modification  of  the  synthesis  of  coumarins  from  diketene  and  arranatic  hydroxy  compounds  in 
excess  concentrated  sulfuric  acid  was  proposed. 

3.  Acetoacetoxynaf^dialenes  are  converted  with  high  yields  into  monocoumarin  derivatives  in  80^  sulfuric 

acid. 
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N-THIAZOLYL-  AND  N-PYRIDYL-  DERIVATIVES  OF 
C  ARBAMIDO-N’-PHOSPHORIC  ACID 

A.  V.  Kirsanov  and  E.  S.  Levchenko 


In  a  previous  work  [1]  it  was  shown  that  when  the  acyl  chloride  of  isocyanatophosphoric  acid  reacts  with 
aromatic  amines,  equimolecular  proportions  of  die  reacting  substances  being  used,  the  addition  of  the  amines 
takes  place  at  the  isocyanate  group.  The  reaction  products  are  acyl  chlorides  of  N-arylcarbamido-N*-phosphoric 
acids.  The  acyl  chloride  of  isocyanatoj^osphoric  acid  also  reacts  in  a  similar  way  with  amines  of  the  hetero¬ 
cyclic  series  (2-aminobenzothiazole,  2-aminothiazole,  a-aminopyridine),  forming  the  acyl  chlorides  of  substi¬ 
tuted  carbamidophosphoric  acids  of  the  type  CljPONHCONHR  (R  =  heterocyclic  group),  which  are  crystalline  sub¬ 
stances  hydrolyzing  very  readily  under  the  influence  of  atmospheric  moisture.  The  properties  of  these  compounds 
differ  somewhat  from  those  of  the  acyl  chlorides  of  arylcarbamidophosphoric'  acids  which  are  readily  hydrolyzed 
by  water  with  die  formation  of  phosphoric  acid  and  ary Icarbam  ides. 

CIjPONHCONHAr  ■+-  SHjO  -►  HoNCONHAr  -h  2HC1  HaP04 

When  hydrolyzed  by  water  die  acyl  chlorides  of  2-benzothiazolyl-,  2-thiazolyl-  and  2-pyridylcarbamido- 
N'-phosphoric  acid  form  the  corresponding  derivatives  of  phosphoric  acid,  which  under  the  conditions  of  the  reac¬ 
tion  are  not  subjected  to  further  hydrolysis. 

Cl,P0NHC0NHR-r-2H20  2HCI -»-RNHCONHPO(OH)., 


TABLE  1 

Ccxnpounds  of  the  type  RNHCONHPO  (OH)^ 


No.  of 

Yield 

(as<7() 

Melting 

Found  1 

Empirical 

Calc. 

com¬ 

pound 

point 

'wlthdecomf 

"/,  N 

equiy 

molecular 

formula 

<7l,ofN 

(I) 

1  1 

V/V 

85 

! 

305-310^ 

15.20, 

15.24 

2.03, 

2.05 

CgHyOiNaPS 

15.50 

(11) 

HC^  \ 

It  c- 

hc\n^ 

72 

156—158 

18.68, 

18.50 

2.09, 

1.96 

C4H,04N3PS 

18.83 

(HI) 

/\ 

1  L 

52 

160—162 

18.81, 

18.79 

1.95, 

1.90 

C8H8O4N3P 

19.35 

*  For  all  the  compounds  the  equiv.  was  calculated  as  2.00. 
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The  yields,  melting  points  and  analytical  data  of  the  products  obtained  are  given  in  Table  1. 

The  N-heterocyclic  derivatives  of  carbamido-N*-phosphoric  acid  are  colorless,finely  crystalline  substances, 
insoluble  in  water  and  the  usual  organic  solvents.  They  probably  have  a  betaine  structure  (example  (I)),  since 
they  readily  dissolve  in  solutions  of  alkalis  and  are  insoluble  in  hydrochloric  acid. 


CNHC0NHP0(0H)0- 

w  (I) 

H 


When  the  acyl  chloride  of  N-(2-pyridyl)-carbamido-N’-phosfiioric  acid  is  heated  with  water, 2-pyridylurea 
is  formed  in  addition  to  N-(2-pyridyl)-carbamido-N*-phosphoric  acid  (III). 

When  die  dimethyl  ester  of  isocyanatophosphoric  acid  [2]  reacts  with  2-aminobenzothiazole,  2'*aminothia- 
zole,  2-methyl-6-aminobenzothiazole  and  a-  and  6  -aminopyridines  N-heterocyclic  derivatives  of  the  dimethyl 
ester  of  carbamido-N’-phosphoric  acid  are  formed  according  to  the  system 

(CHPlaPONCO-^R'NHa  —  (CHgOljPONHCONHR' 

The  yields,  melting  points  and  analytical  data  of  diese  substances  are  given  in  Table  2. 


TABLE  2 

Compounds  of  the  Type  (CH30)2P0NHC0NHR 


“Flaoi — 
compound 

R 

pi’leld 

fas‘7() 

Melting 

point 

Found  % 

N 

Empirical  mo¬ 
lecular  ft^mula 

Calc.  N 

(IV) 

ttV 

75 

-  .  ...  .. 

157—158° 

13.93,  1.3.75 

C,„H,204N3PS 

13.95 

(V) 

s 

HC  \ 

II  c- 

HC\  X 

90 

129—130 

16.23.  16.32 

ChHioO^NsPS 

16.73 

(VI) 

1  1  CCH, 

53 

154-156 

13.11.  13.25 

C„H,404N3PS 

13.33 

(VII) 

88 

154—155 

17.05,  16.89 

CgH]204N.3P 

17.14 

(VIII) 

1 '  i 

N 

56 

1 

160-161 

! 

17.45,  17.43 

CsH,.p4N3P 

17.14 

Compounds  (IV- VIII)  are  colorless,  crystalline  substances  of  an  amphoteric  character,  readily  soluble  in 
both  alkalis  and  acids.  They  are  readily  soluble  in  organic  solvents;  (V)  and  (VII)  dissolve  in  hot  water  and  (VIII) 
is  very  easily  soluble  in  cold  water. 


(IV)  is  also  obtained  by  the  action  of  sodium  methylate  on  the  acyl  chloride  of  N-(2-benzothiazolyl)- 
carbamido-N'-phosphoric  acid,  according  to  the  system 


NHCONHPOCU  -I-  2NaOCH3  (IV) 
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The  diethyl  ester  of  N-(2-benzothiazolyl)-carbamido-N’-phosphoric  acid  was  obtained  in  a  similar  manner 
but  it  was  not  possible  to  obtain  esters  of  (V)  and  (VII)  fran  the  acyl  chlorides  of  N-(2-lhia2olyl)-  and  N-(2-pyri- 
dyl)-carbamido-N'-phosphoric  acids. 

The  diphenyl  ester  of  isocyanatophosphoric  acid  also  readily  reacts  widi  amines  of  the  heterocyclic  series 
with  the  formation  of  N-heterocyclic  derivatives  of  the  diphenyl  ester  of  carbamido-N*-phosphoric  acid.  The 
ccxnpounds  obtained,  dieir  yield,  melting  points  and  analytical  data  are  given  in  Table  3. 


TABLE  3 

Compounds  of  the  Type  (CjHsOljPONHCONHR 


No.  of  1 

1  Yield 

Melting 

i  Found 

1  Empirical 

compound  j 

R 

point 

1  N 

j  formula 

N 

(IX) 


(X) 


(XI) 


N 

,  ./S, 

I  I 


CCH, 


.  'N-'' 


99 


85 


89 


165-166° 


194—195 


111-113 


9.63.  9.77 


9.58.  9.60 


10.01.  10.95 


Co„H,604N,PS 

CaiHijjO^NjPS 

C,HH„04NaP 


9.88 


9.56 
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Compounds  (IX-XI)  are  colorless  crystalline  compounds.  They  are  soluble  in  alkalis  but  their  characteristic 
properties  are  far  less  definite  than  in  the  case  of  the  corresponding  dimethyl  esters:  (XI)  dissolves  only  in  con¬ 
centrated  hydrochloric  acid  whereas  (IX)  and  (X)  do  not  react  with  hydrochloric  acid. 

When  methylated  by  dimediylsulfate  die  diphenyl  ester  of  N-(2-benzothiazolyl)-caii>amido-N*-phospharic 
acid  (IX)  forms  a  compound  which  splits  off  acid  very  easily  when  treated  with  alcohol  or  water.  The  sidsstanoe 
obtained  by  this  means  may  have  the  structure  of  (XII)  or  (Xlla): 


=NC0NHP0(0C„H8)2 


CH. 


(Xlll 


I  !  CNHC0N=P(C)CeH5).0- 

i  I  .  ^ 

x/\n^ 


I 

CH;, 

(Xlla) 


The  betaine  structure  (Xlla)  is  the  more  probable  since  the  ccxnpound  is  difficultly  soluble  in  alkali  and 
does  not  react  with  acid.  The  same  substance  is  obtained  by  the  reaction  of  the  diphenyl  ester  of  isocyanatophot- 
phoric  acid  with  3-methyl-2-benzothiazoloneimine. 


(C8Hr.0).,P(0)NC0 


(Xlla) 


CH-i 


The  mediyl  ester  of  isocyanatophosphoric  acid  also  reacts  readily  with  3-methyl-2-benzothiazoloneuniiie. 
The  reaction  product  is  a  colorless  crystalline  substance  soluble  in  alkali  and  in  acid.  It  most  probably  has  the 
structure  of  (XIII). 
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'^N 


C=-NC0NHP0(0CH.,)2 

/ 


CH;, 


(XIII) 


It  was  not  possible  to  obtain  compound  (XIII)  by  the  methylation  of  the  dimediyl  ester  of  N-(2-benzothiazolyl)- 
carbamido-N’-phosphoric  acid  (IV)  since  the  reaction  product  was  very  easily  decomposed  by  water  with  die  for¬ 
mation  of  carbon  dioxide  and  3-methyl- 2-benzothiazoloneimine. 

When  reacted  with  dimethylsulfate  the  diphenyl  ester  of  N-(2-methylbenzothiazolyl-6)-carbamido-N*- 
phosphoric  acid  (X)  forms  a  quaternary  salt  (XIV)  which  can  form  dyes  when  condensed  with  p-dimethylamino- 
benzaldehyde  of  orthoformic  ester. 


(CeHr,0)2PONHCONH— , 


yS 


\ 


CCH, 


CH, 


(XIV) 


(CH3OSO.,)- 


EXPERIMENT  AL 

Preparation  of  acyl  chlorides  of  the  type  CltPONHCONHR.  An  ethereal  solution  of  an  equimolecular  amount 
of  amine  was  added  dropwise  with  cooling  to  an  ethereal  solution  of  0.01  mole  of  the  acyl  chloride  of  isocyanato- 
phos{^oric  acid.  The  reaction  product  was  precipitated  in  the  form  of  a  colorless  finely-crystalline  powder  which 
was  separated  on  a  vacuum  filter  and  washed  with  ether. 

The  acyl  chloride  of  N-(2-benzothiazolyl)-carbamido-N*-phosphoric  acid  was  obtained  with  a  yield  of  92%; 
the  temperature  of  decomposition  was  152-154*. 

Found:  equiv.(after  hydrolysis)  3.89.  CgHg02N3PSCl2.  Calculatedrequiv.  4.00  (as  a  result  of  hydrolysis  the 
suspension  of  the  acyl  chloride  in  water  became  slightly  heated). 

The  acyl  chloride  of  N-(2-thiazolyl)-carbamido-N*-phosphbrlc  acid  was  obtained  with  a  yield  of  92%.  The 
substance  deliquesced  in  air,  giving  off  hydrogen  chloride. 

The  acyl  chloride  of  N-(2-pyridyl)-carbamido-N'-{^osphoric  acid  was  obtained  in  the  form  of  a  colorless, 
voluminous  precipitate  with  a  yield  of  82%.  The  product  rapidly  decomposed  in  air.  As  a  result  of  the  hydrolysis 
of  the  acyl  chloride  by  water  at  room  temperature  N-(2-pyridyl)-carbamido-N*-phosphoric  acid  (III)  was  formed. 
When  1.2  g  of  the  acyl  chloride  was  heated  to  boiling  in  20  ml  of  water  the  initial  product  dissolved.  After  the 
cooled  solution  had  been  neutralized  with  alkali  a  colorless  precipitate  with  an  m.  p.  of  176-177*  (from  alcohol) 
was  formed.  In  a  mixed  melt  with  2-pyridylurea,  obtained  by  the  known  method  [3],  the  product  showed  no  de¬ 
pression  of  the  melting  point. 

The  preparation  of  acids  of  the  type  RNHCONHPO(OH)2.  0.01  mole  of  the  acyl  chloride  of  CI2PONHCONHR 
was  added  in  stages  to  20  ml  of  water  at  room  temperature.  After  10-20  min  the  hydrolysis  product  was  filtered 
on  a  vacuum  filter,  washed  with  alcohol  and  ether  and  purified  by  re  precipitating  with  hydrochloric  acid  from 
alkaline  solution. 

The  dimethyl  ester  of  N-(2-benzothiazolyl)-carbamido-N*-pho8phoric  acid  (IV).  A  solution  of  0.02  mole 
of  2-aminobenzothiazole  in  ether  was  added  gradually  with  cooling  to  an  e^ereal  solution  of  0.02  mole  of  the 
acyl  chloride  of  isocyanatophosphoric  acid.  A  solution  of  sodium  methylate  in  methyl  alcohol  (from  0.06  mole 
of  sodium  and  25  ml  of  methyl  alcohol)  was  added  dropwise  to  the  suspension  of  the  acyl  chloride  of  N-(2-benzo- 
thiazolyl)-carbamido-N’-phosphoric  acid  which  was  obtained.  After  an  hour  the  reaction  mixture  was  treated  with 
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water  and  the  aqueous  layer  was  separated  and  neutralized  with  hydrochloric  acid.  The  reaction  product  came 
out  in  the  form  of  an  oil  which  rapidly  solidified;  the  yield  was  3.3  g  (55.0%).  The  product  was  purified  by 
crystallizing  from  benzene.  The  substance  was  readily  soluble  in  alkali  and  in  dilute  hydrochloric  acid. 

The  diethyl  ester  of  N-(2-benzothiazolyl)-carbamido-N*-pho8phoric  acid  was  obtained  in  a  similar  manner 
to  the  dimethyl  ester.  The  yield  was  18%,  the  m.  p.  was  153-154*  (from  alcohol). 

Found  %:  N  12.65,  12.43.  C1JH16O4N3PS.  Calculated  %:  N  12.76. 

The  reaction  of  the  dimethyl  ester  of  isocyanatophosphoric  acid  with  amines  of  the  heterocyclic  series. 

An  ethereal  solution  of  the  amine  was  added  dropwise  with  cooling  to  a  solution  of  the  dimethyl  ester  of  isocyana¬ 
tophosphoric  acid  in  ether.  The  reaction  product  was  precipitated  immediately  as  a  crystalline  deposit  or  an  oil 
which  rapidly  crystallized.  Compounds  (IV)  and  (V)  were  crystallized  frwn  benzene,  (VI)  from  methyl  alcohol, 

(VII)  from  water  and  (Vni)  from  dichloroediane. 

The  reaction  of  the  diphenyl  ester  of  isocyanatoi^osphoric  acid  with  amines  of  the  heterocyclic  series  was 
carried  out  in  the  same  way  as  for  the  dimethyl  ester  of  isocyanatophosphoric  acid.  Substance  (IX)  was  purified 
by  crystallizing  from  benzene,  (XI)  from  methyl  alcohol  and  (X)  by  reprecipitating  with  ligroin  from  a  solution 
in  chloroform. 

The  diphenyl  ester  of  N-(3-methyldihydrobenzothiazolidene-2)-carbamido-N*-phosphoric  acid  (XII). 

a)  A  mixture  of  0.002  mole  of  the  diphenyl  ester  of  N-(2-benzothiazolyl)-carbamido-N’-phosphoric  acid 
(IX)  and  0.003  mole  of  dimethylsulfate  was  heated  on  an  oil  bath  at  120*  for  30  min.  The  transparent  viscous 
mass  which  was  formed  was  washed  with  ether.  When  treated  with  alcohol  the  substance  was  converted  into  a 
colorless  crystalline  powder;  the  yield  was  0.55  g  (63.0%).  After  it  had  been  recrystallized  from  alcohol  the 
m.  p.  was  198-200*. 

Found  %;  N  9.47,  9.42.  C2iHi804N3PS.  Calculated  %:  N  9.56. 

b)  When  ethereal  solutions  of  equimolecular  amounts  of  the  diphenyl  ester  of  isocyanatophosphoric  acid 
and  3-methyl-2-benzothiazoloneimine  were  mixed  the  reaction  product  separated  out  immediately  in  the  form 
of  a  colorless  crystalline  precipitate.  After  recrystallizing  from  methyl  alcohol  the  compound  had  a  m.  p.  of 
198-200*  and  showed  no  depression  of  the  melting  point  in  a  mixed  melt  with  the  product  obtained  in  the  previous 
experiment. 

The  dimethyl  ester  of  N-(3-methyldihydrobenzothiazolidene-2)-carbamido-N*-F^osphoric  acid  (XIII). 

When  ethereal  solutions  of  0.01  mole  of  3-methyl-2-benzothiazoloneimine  and  0.01  mole  of  the  dimethyl  ester 
of  isocyanatophosphoric  acid  were  mixed /XIII)  was  immediately  precipitated;  the  yield  was  2.8  g  (83.0%).  The 
substance  was  readily  soluble  in  methyl  and  ethyl  alcohols;  it  crystallized  from  water  in  the  form  of  colorless 
platelets  with  a  m.  p.  of  197-198*  and  was  readily  soluble  in  concentrated  hydrochloric  acid  and  in  solutions  of 
caustic  alkalis. 

Found  %:  N  13.50,  13.31.  CuHi404N3PS.  Calculated  %:  N  13.33. 

The  reaction  of  the  dimethyl  ester  of  N-(2-benzothiazolyl)-carbamido-N*-phosphoric  acid  (IV)  with  di¬ 
me  diylsulfate.  A  mixture  of  0.002  mole  of  the  dimethyl  ester  of  N-(2-benzothiazolyl)-carbamido-N’-phosphoric 
acid  and  0.003  mole  of  dimethylsulfate  was  heated  on  a  water  bath  for  2  hrs,  a  glassy  transparent  mass  being  formed. 
When  the  reaction  product  was  treated  with  water  a  vigorous  emission  of  gas  bubbles  occurred.  After  the  aqueous 
solution  had  been  made  alkaline  a  colorless  precipitate  of  a  substance  with  an  m.  p.  of  120*  (from  alcohol)  was 
formed.  The  compound  showed  no  depression  of  the  melting  point  in  a  mixed  melt  with  3-methyl-2-benzothia- 
zoloneimine  [4];  the  yield  was  0.15  g  (14.0%). 

3-Methylmethosulfate  of  the  diphenylester  of  N-(2-  methylbenzothiazole-6)-carbamido-N*-phosphoric 
acid  (XIV).  A  mixture  of  0.003  mole  of  the  dij^enyl  ester  of  N-(2-methylbenzothiazolyl-6)-carbamido-N’- 
phosphoric  acid  (X)  and  0.3  ml  of  dimethylsulfate  was  heated  at  120*  on  an  oil  bath.  The  reaction  mass  first 
became  liquid  and  then  solidified.  When  the  solid  product  had  cooled  it  was  washed  with  ether;  the  yield  was 
1.69  g  (100.0%).  It  was  in  the  form  of  colorless  needles  with  a  temperature  of  decomposition  of  195-197*  (from 
methyl  alcohol).  When  heated  the  substance  dissolved  in  water. 
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Found  N  7.11.  7.26.  Cs,HmO,N,PS2.  Calculated  N  7.43. 


SUMMARY 

The  reaction  of  the  acyl  chloride  of  isocyanatophosphoric  acid  and  also  the  methyl  and  diphenyl  esters  of 
isocyanatophosphoric  acid  with  amines  of  the  heterocyclic  series  was  Investigated.  The  chemical  properties  of 
the  substances  obtained  were  studied. 
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SYNTHESES  BY  MEANS  OF  ACRYLONITRILE 


XXXI.  CYANOETHYLATION  OF  a-AMINO  ACIDS  AND  GLYCYL  GLYCINE  BY  6  -CHLORO PRO PIONIT RILE 
A.  P.  Terentyev  and  P.  F.  Butskus 

The  cyanoethylation  of  an  entire  series  of  compounds  by  means  of  B  -chloropropionitrile  has  been  described 
in  literature.  In  the  present  paper  we  give  the  results  of  our  experiments  on  the  action  of  B  -chloropropionitrile 
on  a-amino  acids  and  glycyl  glycine.  Until  now  only  the  cyanoethylation  of  the  latter  compounds  widi  the  use 
of  acrylonitrile  has  been  described  [1-3]. 

The  cyanoethylation  of  a-amino  acids  and  glycyl  glycine  by  B  -chloropropionitrile  proceeds  smoothly  in 
the  cold  with  evolution  of  heat,  according  to  the  system 

HOOCCHfRlNHo  -i-  ClCHgCHaCN  -»•  HOOCCHiRlNHCHaCHaCN  -i-  HCt 
HOOCCH2NHCOCH2NH2  CICH2CH2CN  -► 

-►  HOOCCH2NHCOCH2NHCH2CH2CN  -H  HCI 


The  reaction  is  carried  out  in  aqueous  solution  with  a  sli^t  excess  of  B  -chlorofvopionitrile  in  the  presence 
of  an  amount  of  base  sufficient  to  ccxnbine  with  the  acid  groups  of  die  cyanated  compound  and  the  hydrogen 
chloride  during  the  process  of  the  reaction.  The  yield  of  the  cyanoethylation  products  is  70-96%. 

When  the  amount  of  B -chloropropionitrile  allowed  to  react  on  cystine  is  twice  that  of  the  latter,  N,N'-di- 
(cyanoediyl)-cystine  (I)  is  formed,  which  like  odier  N-cyanoethylated  a-amino  acids  does  not  give  a  ninhydrin 
reaction  and  does  not  contain  amine  nitrogen  when  determined  by  Van-Sleyk's  method. 

NCCH2CH2NHCHCH2SSCH2CHNHCH2CH2CN 

(ioOH  (l:OOH 
(I) 

Cyanoediylation  by  means  of  B  -chloroi»opionitrile  can  proceed  either  by  direct  substitution  of  halogen, 
i.  e.,  by  a  type  of  alkylation,  or  by  an  intermediate  stage  in  which  acrylonitrile  is  formed.  The  cyanoethylation 
of  a-amino  acids  and  glycyl  glycine  by  B  -chloro]»opionitrile  evidently  proceeds  according  to  the  second  type 
of  reaction  because  when  B -chloropropiaiitrile  was  acted  on  by  caustic  potash,  trimethylamine  and  triethylamine 
under  similar  conditions  a  32-60%  yield  of  acrylonitrile,  and  abo  potassium  chloride,  trimethylamine  hydrochlor¬ 
ide  and  triethylamine  were  obtained.  When  pyridine  was  used  negative  results  were  obtained. 

EXPERIMENTAL 

1.  N-Gyanoethyl-glycocoll.  6  g  of  triethylamine  was  added  to  a  solution  of  2  g  of  glycocoll  in  10  ml  of 
water  and  3  g  of  B  -chloropropionitrile  was  then  added  gradually  with  cooling  and  stirring.  After  it  had  been 
shaken  for  2  hrs  and  left  overnight  the  solution  was  evaporated  to  dryness  under  vacuum.  8-10  ml  of  water  was 
added  to  the  dry  residue  and  the  solution  once  more  evaporated  to  dryness.  The  solid  residue  was  dissolved  in  a 
small  amount  of  water  and  the  N-cyanoethyl-glycocoll  was  precipitated  by  the  addition  of  95%  alcohol.  The 
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yield  was  3.1  g  (86.1%).  The  m.  p.  was  192-193*  (with  decomp.).  Data  in  literature  [1]  give  the  m.  p.  as  190- 
191*  (decomp.).  N-cyanoethyl-glycocoll  did  not  give  a  reaction  with  ninhydrin  and  did  not  contain  amine  nitro¬ 
gen  when  determined  by  Van  Sleyk’s  method. 

Found  %:  N  21.72,  21.53.  CgHgOjNj.  Calculated  %:  N  21.86. 

2.  N-Cyanoethyl-alanine.  10  g  of  triethylamine  and  4.8  g  of  B  -chloroproplbnitrile  was  added  to  a  solution 
of  4  g  of  alanine  in  20  ml  of  water.  The  reaction  conditions  and  the  method  used  for  isolating  the  product  were 
the  same  as  in  experiment  1.  The  yield  of  N-cyanoethyl-alanine  was  5.5  g  (87.3%),  The  m.  p.  was  249-250* 

(with  decomp.)  which  corresponds  to  literature  data  [1]. 

Found  %:  N  19.60,  19.41.  CgHioOjNg.  Calculated  %:  N  19.71. 

3.  N-Cyanoethyl-  g-aminobutyric  acid.  14.5  g  of  triethylamine  and  6.7  g  of  B  -chlMopropionitrile  were 
added  to  a  solution  of  7  g  of  a-aminobutyric  acid  in  30  ml  of  water.  The  reaction  conditions  and  the  method 
used  for  isolating  the  product  were  the  same  as  in  experiment  1.  The  yield  of  N-cyanoethyl-a-aminobutyric 
acid  was  9  g  (84.9%).  The  m.  p.  was  233-235*  (with  decomp.). 

I 

Found  %:  N  17.74,  17.66.  CtHuOjNj.  Calculated  %:  N  17.90. 

4.  N,N*-Di-(cyanoethyl)-cystine.  25  ml  of  water  and  3.9  g  of  caustic  potash  were  added  to  4  g  of  cystine 
and  3.3  g  of  B 'chloropropionitrile  was  then  added  to  the  mixture  with  cooling  and  stirring.  After  it  had  been  shaken 
for  2  hrs  and  kept  overnight  the  reaction  mixture  was  neutralized  with  2.8  ml  of  36  %  hydrochloric  acid.  The  pre¬ 
cipitate  of  N,N*-di*{cyanoethyl)-cystine  which  was  formed  was  filtered  and  washed  with  water  and  with  alcohol. 

The  yield  was  5.5  g  (96.5%).  The  m.  p.  was  207-208*  (with  decomp.). 

Found  %:  C  41.43,  41.31;  H  5.33,  5.26;  N  16.09,  16.10.  Ci2Hu04N4S2.  Calculated  %;  C  41.60;  H  5.24; 

N  16.17. 

5.  N-Cyanoethyl-B  -phenylalanine.  10  ml  of  water,  1.5  g  of  caustic  potash  and  1.3  g  of  B  -chloropropio- 
nihrile '  were  added  to  2  g  of  phenylalanine.  The  reaction  conditions  and  the  method  used  for  isolating  the  pro¬ 
duct  were  the  same  as  in  experiment  4.  The  yield  of  N-cyanoethyl-phenylalanlne  was  2.4  g  (92.3%).  The  m.  p. 
was  228-230*  (with  decomp.),  which  corresponds  to  literature  data  [1]. 

Found  %;  N  12.63,  12.58.  CjjHuOjNz.  Calculated  %;  N  12.83. 

6.  N-Cyanoethyl-tyrosine.  5  ml  of  water,  1  g  of  caustic  potash  and  0.6  g  of  B  -chloropropionitrile  were 
added  to  1  g  of  tyrosine.  The  reaction  conditions  and  the  method  used  for  isolating  the  product  were  the  same 
as  in  experiment  4.  The  yield  of  N-cyanoethyl-tyrosine  was  1.2  g  (92.3%).  The  m.  p.  was  238-239*  (with  de¬ 
comp.),  which  corresponds  to  literature  data  [1]. 

Found  %:  N  11.84,  11.86.  CuHuOgNj.  Calculated  %;  N  11.96. 

In  experiments  4-6  the  reaction  proceeded  in  a  similar  manner  if  trimethylamine  and  triphenylamine  were 
used  instead  of  caustic  potash.  The  yields  of  the  cyanoethylation  products  were  the  same. 

7.  N-Cyanoethyl-glycyl  glycine.  8.1  g  of  triethylamine  and  3.9  g  of  B  -chloropropionitrile  were  added 

to  a  solution  of  5  g  of  gtycyl  glycine  in  30  ml  of  water.  The  reaction  conditions  and  the  method  used  for  isolating 
the  product  were  the  same  as  for  experiment  1.  The  yield  of  N-cyanoelhyl-glycyl  glycine  was  4.9  g  (70%).  The 
m.  p.  was  143-144*. 

Found  %;  N  22.40,  22.49.  C7HUO3N3.  Calculated  %;  N  22.69. 

8.  The  action  of  caustic  potash  and  triethylamine  on  B  -chloropropionitrile.  The  experiments  were  car¬ 
ried  out  under  conditions  similar  to  those  used  for  the  cyanoethylation  of  a-amino  acids  and  glycyl  glycine  by 

B  -chloropropionitrile. 
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a)  15  g  of  0  -chloropropionitiile  was  added  to  a  solution  of  9.4  g  of  caustic  potash  in  30  ml  of  water.  The 
upper  layer  was  washed  with  a  small  amount  of  sodium  chloride  solution  and  was  then  dried  by  calcium  chloride 
and  distilled.  The  yield  of  acrylonitrile  was  5.5  g  (61.8%).  The  b.  p.  was  77-78“.  The  lower  aqueous  layer  was 
concentrated  under  vacuum  and  treated  with  a  mixture  of  alcc^ol  and  ether.  The  precipitate  of  calcium  chloride 
was  filtered  and  washed  with  a  mixture  of  alcohol  and  ether.  The  yield  was  10.4  g  (83.2%). 

b)  15  g  of  3  -chloropropionitrile  was  added  to  a  solution  of  16.9  g  of  triethylamine  in  30  ml  of  water.  The 
upper  layer  was  lightly  washed  with  acidified  water,  a  small  amount  of  sodium  chloride  solution,  dried  with  cal¬ 
cium  chloride  and  distilled.  The  yield  of  acrylonitrile  was  5.4  g  (60.7%).  The  b.  p.  was  77-78*.  The  lower 
aqueous  layer  was  evaporated  almost  to  dryness  under  vacuum  and  the  residue  was  separated  and  washed  with 
ether.  The  yield  of  triethylamine  hydrochloride  was  18.4  g  (80.3%).  The  m.  p.  was  253-254*. 

When  an  aqueous  solution  of  trimethy famine  and  also  solid  caustic  potash,  anhydrous  trimethylamine  and 
triethylamine  were  allowed  to  act  on  3  -chloropropionitrile,  a  60-62%  yield  of  acrylonitrile  was  obtained. 

SUMMARY 

1.  A  method  for  the  cyanoethylation  of  a-amino  acids  and  glycyl  glycine  by  3  -chloropropionitrile  was 
developed.  N-cyanoethyl-3 -aminobutyric  acid  and  N,N*-di-(cyanoethyl)-cystine  were  obtained  for  the  first  time. 

2.  The  suggestion  was  advanced  that  the  cyanoethylation  of  a-amino  acids  and  glycyl  glycine  proceeds 
through  an  intermediate  stage  in  which  acrylonitrile  is  formed. 
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THE  SYNTHESIS  OF  AROMATIC  ANTIMONY  COMPOUNDS 
VHL  THE  PREPARATION  OF  p-TOLYL-  AND  8  -NAPHTHALYLANTIMONY  COMPOUNDS 

A.  B.  Bruker 


The  method  we  have  described  for  preparing  phenyl-  and  p-fluorophenylantimony  compounds  by  means  of 
the  corresponding  arylhydrazines  [1]  was  employed  in  the  present  work  for  the  synthesis  of  p-tolyl-  and  8  -naphthyl- 
antimony  derivatives. 

In  the  preparation  of  p-tolylantimony  compounds  we  commenced  with  p-tolylhydrazine  and  antimony  tri¬ 
chloride;  the  reaction  between  them  was  usually  carried  out  in  a  medium  of  hydrochloric  acid  in  the  presence  of 
cupric  chloride  and  atmospheric  oxygen.  After  appropriate  treatment  the  precipitate  formed  by  this  reaction  gave 
p-tolylstlblne  tetrachloride  as  well  as  p,p*-ditolyl  and  a  small  amount  of  di  (p-tolyl)-stibine  trichloride;  the  p- 
colylstibine  tetrachloride  was  isolated  in  the  form  of  its  double  salt  with  ammonium  chloride  (CHjCeUt  *  SbCliNHiCl). 
As  a  result  of  hydrol3rsis  this  substance  was  converted  into  p-tolyl  antimonic  acid;  when  the  latter  was  reduced  in 
a  medium  of  hydrochloric  acid  p-tolylstibine  dichloride  was  obtained. 

p-Tolylstibine  dichloride  can  be  directly  syndiesized  by  the  reduction  with  sulfur  dioxide  of  the  solution 
obtained  after  decomposing  the  precipitate  formed  during  the  reaction  by  means  of  hot  hydrochloric  acid. 

8 -Naphthylstibine  tetrachloride,  the  double  salt  of  8 -naphthylstibine  tetrachloride  and  ammonium  chloride 
(CioH7SbCl4*  NII4CI),  8 -naphihylantimonic  acid,  8 -naphthylstibine  dichloride  and  8 -naj^diylstibine  oxide  were 
prepared  in  a  similar  manner. 

The  formation  of  secondary  products  was  not  observed  in  the  case  of  the  reaction  with  8  -naphthylhydrazine. 

It  was  earlier  shown  that  when  p-tolylstibine  dichloride  reacts  with  an  equivalent  amount  of  p-tolyl  diazonium 
chloride  a  complex  with  the  composition  CHsCgHiNjCl  *  CH3CeH4SbCl2,  containing  1  mole  of  stibine  chloride  per 
mole  of  diazonium,  is  formed;  when  decomposed  it  gives  ditolylstibine  trichloride. 


CHnC6H4N2CI  •  CHnC6H4SbCl2  (CH3C8H4)2SbCl3 -1- N2 

When  this  reaction  is  carried  out  with  an  excess  of  p-tolyl  diazonium  chloride  a  compound  with  the  com¬ 
position  (CH3C6H4NiCl)2*CH3C6H4SbCl2,  is  formed,  which  when  decomposed  gives  p-tolylstibine  tetrachloride  and 
ditolyl  [2]. 

In  the  reaction  of  p-tolylhydrazine  with  SbCls,  described  in  the  present  work,formation  of  secondary  aromatic 
antimony  compounds  evidently  takes  place  owing  to  the  decomposition  of  the  secondary  complex  CH3C(H4N2C1  • 

*  Cl2SbCeH4CH3,  and  the  process  as  a  whole  proceeds  according  to  the  equations  given  below,  in  agreement  with 
the  mechanism  we  have  previously  described  [3]. 

CH3C6H4NHNH2  •  HCl  SbCl.,  O2  CH3CeH4N2Cl  •  SbClj 

-2H,0  (1) 

(Primary  complex) 

CH3C6H4NHNH2  •  HCl  -I-  2CH3CeH4N2Cl  •  SbClg  — ^ 

- *  CH3C6H4N2CI  -I-  2CH3C6H4SbCl2  H-  2N2  -+-  4HC1 


(3) 


CH3CeH4N2Cl  -i-CH3CnH4SbCl2  ->  CH3C8H4N2CI  •  CH3CeH4SbCl2 

(Secondary  complex) 

CH,,C8H4NoCI  •  CH3C„H4SbCl2  -►  (CH.,C8H4)2SbCl,,  Ng  (4) 

The  primary  products  are  obtained  by  the  decomposition  of  the  complex  (CH3C8li4N]Cl)2  •  CH3C8H4SbCl2. 

As  regards  the  reaction  of  S  -naphthylhydrazine  and  the  intermediate  compound  formed  during  this  reaction 
it  is  evident  that  in  this  instance  the  secondary  complex  ArNjCl  •  Cl2SbAr  is  not  formed  and,  therefore,  only  pri¬ 
mary  naphthylantimony  compounds  are  formed  by  the  decomposition  of  the  complex  with  the  composition 
(S-C„H7N2C1)2-0-C  ioH7SbCl2.  The  formation  of  the  primary  aromatic  antimony  compounds  may  be  represented 
by  the  following  series  of  equations. 


ArNHNH2  HCl-HSbCl3-»-02-5=^  ArNaCl  •  SbCl.,-H2H20 
2ArN2Cl  •  SbCl3-«-  ArNHNH2  •  HCI  — ^  2ArSbCl2-<-  ArNaCi  -i-2N2-^  4HCI 
2ArN2Cl  -I-  ArSbCl2  (ArN2Cl)2  •  ArSbClg 
(ArN2Cl)2  •  ArSbCl2  -»•  ArSbCl4  -t-  Ar2-»-  2N2 


(5) 

(5) 

(6) 

(6) 

(7) 

(7) 

(8) 

(8) 

The  following  facts,  observed  during  the  present  investigation,  serve  as  a  proof  of  this  system. 

1.  The  double  compounds  (0  -C|oH7N2Cl)2  •  0  -CioH7SbCl2  and  (CH3C6li4N2Cl)2  •  CH3CeH4SbCl2  were  isolated 
by  us  directly  by  reacting  0  -naphthylhydrazine  hydrochloride  and  p-tolylhydrazine  with  antimony  trichloride. 

2.  The  double  cwnpound  (0  -CioH7N2Cl)2*0  -CioH7SbCl2  was  obtained  by  us  from  0  -naphthylhydrazine  and 
the  double  compound  0  -Ci8H7N2Cl<  SbCl3.  We  isolated  die  double  compound  (CH3C8H4N2Cl)2*CH3C8ll4SbCl2  by 
reacting  p-tolylhydrazine  hydrochloride  and  CH3C8H4CI  •  SbCl3. 


3.  We  obtained  the  double  compound  (CH3C8H4N2C1)2  •  CH3C8H4SbCl2  by  reacting  p-tolylstibine  dichloride 
with  an  excess  of  p-tolyldiazonium  chloride  [2]. 


4.  The  decomposition  of  these  double  compounds  (CH3C8H4N2C1)2  •  CH3CeH4SbCl2  and  (0 -CioH7N2Cl)2  * 

•  0 -C|oH7SbCl2,  obtained  by  the  above-mentioned  methods,  gives  primary  derivatives  of  antimony  and  diaryls 

[Eq.  (8)]. 


EXPERIMENTAL 

The  Reaction  of  p-Tolylhydrazine  Hydrochloride,  Antimony  Trichloride  and  Cupric 
Chloride  in  a  Hydrochloric- Acid  Medium* 

a)  Preparation  of  the  double  compound  (CH3C6H4N2C1)2  •  CH3C6H4^Cl2  (I).  28.5  g  of  antimony  trichloride 
and  21.2  g  of  cupric  chloride  were  dissolved  with  stirring  in  an  open  glass  vessel.  20  g  of  p-tolylhydrazine  hydro¬ 
chloride  was  added  to  the  solution  obtained.  After  the  precipitate  had  been  stirred  for  10-12  hrs  it  was  washed 

on  a  filter  with  dilute  hydrochloric  acid,  alcohol  and  ether?*The  weight  of  the  dry  product  was  15  g  (40%,  cal¬ 
culated  on  the  antimony  trichloride).  It  was  a  brown,  odorless  powder  which  melted  at  115”  (with  decomp.)  and 
gave  a  diazo  reaction  with0  -naphthol;  it  was  insoluble  in  the  majority  of  organic  solvents  and  decomposed  in 
acetone  with  evolution  of  nitrogen. 

Found  %:  Cl  26.0,  25.8;  Sb  23.29,  23.6;  N  7.9.  C2iH2iN4CV4Sb.  Calculated  %;  Cl  23.9;  Sb  20.3;  N  9.4.* •* 

b)  Preparation  of  the  double  salt  of  p-tolylstibine  tetrachloride  and  ammonium  chloride  CH/38H4SbCU« 

•  NH4CI  (II).  When  5  g  of  the  double  compound  (I)  was  boiled  with  100  ml  of  dilute  hydrochloric  acid  (1 :  2) 


*  Carried  out  together  with  E.  S.  Makhlis. 

**  2  g  of  p-tolylstibonic  acid  was  obtained  from  the  filtrate  after  the  precipitate  had  been  filtered. 

***  The  difference  between  the  values  found  and  those  calculated  is  explained  by  the  presence  of  an  admixture 
of  the  double  compound  CHjC6ll4NjCl  •  C8Fl4SbCl2. 
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nitrogen  was  liberated  and  the  main  reaction  product  was  p-tolylstibine  tetrachloride;  a  small  amount  of  oil  was 
also  obtained  together  with  p-ditolylstibine  trichloride  (m.  p.  155“),  which  was  formed  by  the  presence  of  an  ad¬ 
mixture  of  CH3C5H4N2CI  •  CHsCeH^SbClj  in  the  investigated  complex.  Double  the  volume  of  a  solution  of  am¬ 
monium  chloride  in  concentrated  hydrochloric  acid  (saturated  in  the  cold)  was  added  to  the  filtrate,  obtained  after 
the  decomposition  of  the  double  compound.  The  precipitate  formed  was  separated  and  dried  in  air.  The  product 
(about  3  g)  was  a  yellowish  powder  which  did  not  melt  below  200”. 

Found  o]oi  Cl  41.4,  42.6;  Sb  30.0,  30.4.  CTHuNClsSb.  Calculated  ’’hi  Cl  42.1;  Sb  29.9. 

c)  Preparation  of  p-tolybtibonlc  acid.  2  g  of  the  double  salt  (II)  was  treated  with  500  ml  of  water.  The 
p-tolylstibonic  acid  formed  was  separated,  dried  under  vacuum  and  weighed.  The  yield  was  1.2  g;  the  substance 
did  not  melt  at  less  than  200”. 

Found  Vo:  Sb  46.0,  46.7.  C7H903Sb.  Calculated  Vo:  Sb  46.3. 

d)  Preparation  of  p-tolylstibine  dichlortde  from  p-tolylstibonic  acid.  1  g  of  p-tolylstibonic  acid  was  tri¬ 
turated  with  a  few  drops  of  alcohol.  2  ml  of  hydrochloric  acid  and  1  ml  of  water  were  then  added.  The  solution 
obtained  was  filtered,  1-2  crystals  of  KI  were  added  and  it  was  then  saturated  with  sulfur  dioxide  for  half  an  hour 
at  0-2”.  The  precipitated  white  crystals  were  separated  and  dried.  The  yield  was  0.9  g;  the  m.  p.  was  92-93*. 

Found  Vo:  Cl  25.6,  25.6;  Sb  43.0,  42.7.  C7H7Cl2Sb.  Calculated  Vo:  Cl  25.0;  Sb  42.8. 

e)  Direct  preparation  of  p-tolylstibine  dichlorlde  from  the  double  compound  (I).  1-2  crystals  of  KI  were 

added  to  the  filtrate,  obtained  by  the  decomposition  of  5  g  of  the  double  compound  with  dilute  sulfuric  acid  (1:2), 
the  solution  was  cooled  to  0“  and  a  current  of  sulfur  dioxide  was  passed  for  1  hr.  The  filtrate  was  filtered  on  a 
vacuum  filter  and  the  crystals  obtained  were  dried.  The  yield  was  1.3  g  (56.5V>);  the  m.  p.  was  92-93*. 

f)  Formation  of  p,p*-ditolyl.  1  g  of  the  oil  obtained  by  the  decomposition  of  the  double  compound  (I)  (see 
section  b)  was  dissolved  in  50  ml  of  acetone.  150  ml  of  water  was  added  to  the  solution  obtained.  The  crystalline 
precipitate  formed  was  separated,  dried  in  air  and  recrystallized  from  alcohol.  After  recrystallization  die  substance 
melted  at  121-122*  which  according  to  data  in  literature  corresponds  to  p,p’-ditolyl. 

The  Reaction  of  p- Tolylhydrazine  Hydrochloride  with  the  Double  Compound  of 
p-Tolyldiazonium  Chloride  and  Antimony  Trichloride. 

a)  Preparation  of  the  double  compound  (I).  33  g  of  the  double  compound  CH3CjH4N2Cl‘  SbCla,  18  g  of 
p-tolylhydrazine  hydrochloride,  1  g  of  cupric  chloride,  100  ml  of  hydrochloric  acid  and  200  ml  of  water  were 
placed  in  a  vessel  equipped  with  a  stirrer.  After  the  mixture  had  been  stirred  fear  60  hrs  at  room  temperature  the 
precipitate  formed  was  separated  and  washed  with  dilute  hydrochloric  acid,  alcohol  and  ether.  After  it  had  been 
dried  over  sulfuric  acid  in  a  desiccator  the  weight  of  the  product  was  15.5  g  (60V>).  The  product  melted  at  115* 
(decomp.)  and  gave  a  diazo  reaction  with  8  -naphthol.  It  was  insoluble  in  the  majority  of  organic  solvents  and 
decomposed  in  acetone  with  evolution  of  nitrogen. 

Found  Vo:  Cl  25.3,  25.7;  Sb  23.6  ,  23.8;  N  8.5.  C2iH2iN4Cl4Sb.  Calculated  Vo:  Cl  23.9;  Sb  20.3;  N  9.4. 

The  difference  in  the  analysis  between  the  values  found  and  those  calculated  is  explained  by  the  presence 
of  a  small  amount  of  the  double  compound  CH3C6H4N2C1  •  CH3C5H4SbCl2  in  tfte  product. 

b)  Preparation  of  p,p*-ditolylstibine  trichloride.  5  g  of  the  double  compound  was  boiled  with  100  ml  of 
hydrochloric  acid  (1 ;  2)  and  the  solution  was  filtered  from  the  oil  which  formed.  White  crystals  of  p,p*-dltolyl- 
stibine  trichloride  (0.3  g)  with  a  m.  p.  of  155*  were  precipitated  from  the  filtrate. 

Found  Vo:  Cl  25.90,  25.09;  Sb  29.6,  28.9.  Ci4Hi4Cl3Sb.  Calculated  V):  Cl  25.3;  Sb  29.7. 

c)  Preparation  of  the  double  salt  (II).  2.8  g  of  the  double  salt  (II),  which  does  not  melt  at  less  than  200*, 
was  obtained  from  5  g  of  the  double  compound  (I). 


2653 


Found  <5fc:  Cl  41.5,  42.6;  Sb  30.0.  CTHijClsNSb.  Calculated  <5t:  Cl  42.1;  Sb  29.9. 

d)  Preparation  of  p-tolylstibonlc  acid.  When  1  g  of  the  double  salt  (II)  was  treated  with  300  ml  of  water 
0.7  g  of  p-tolylstibonic  acid  was  obtained. 

Found  Sb  46.4,  46.3.  C7H903Sb.  Calculated  Sb  45.3. 

e)  Preparation  of  p-tolylstibine  dichloride.  1.2  g  of  p-tolylstibine  chloride  was  obtained  from  2  g  of  p- 
tolylstibonic  acid. 

Found  Cl  24.6  ,  25.5;  Sb  42.14,  41.9.  C7H7CltSb.  Calculated  Cl  25.0;  Sb  42.8. 

p-Tolylstibine  dichloride  was  ako  obtained  directly  from  the  double  compound  (I).  p,p'-Ditolyl  with  a 
m.  p.  of  121-122*  was  isolated  from  the  oil  obtained  by  die  decomposition  of  the  double  compound. 

The  Reaction  of  6 -Naphthylhydrazine  Hydrochloride,  Antimony  Trichloride  and 
Cupric  Chloride  in  a  Hydrochloric- Acid  Medium* 

a)  Preparation  of  the  double  compound  (8-CinH7NaCl)»»6-CMH7SbClt  (III).  100  ml  of  concentrated  hydro¬ 
chloric  acid,  200  ml  of  water,  28.5  g  of  antimony  trichloride  and  22  g  of  cupric  chloride  were  placed  in  a  vessel. 
24.8  g  of  8  -naphthylhydrazine  hydrochloride  was  added  with  stirring  to  the  solution  obtained.  After  the  latter  had 
been  stirred  for  18-20  hrs  the  precipitate  formed  was  separated  and  washed  with  dilute  hydrochloric  acid,  alcohol 
and  ether.  The  dry  |xoduct  melted  with  decomposition  at  98*;  it  gave  a  diazo  reaction  with  8-naphthol  and  was 
insoluble  in  water,  alcohol,  ether,  benzene,  acetone  and  hydrochloric  acid.  The  yield  was  44-45  g  (49-51 
calculated  on  the  antimony  trichloride). 

Found  <5fc:  Cl  21.47,  20.50;  Sb  17.02,  17.93;  N  7.00.  C3oH2iN4Cl4Sb.  Calculated  Cl  20.26;  Sb  17.40; 
N  7.90. 

b)  Preparation  of  the  double  salt  B  -CinH7SbCl4  •  NH4CI  (IV)  from  the  double  compound  (III).  5  g  of  the 
double  compound  (III)  was  boiled  with  100  ml  of  dilute  hydrochloric  acid  (1 : 2).  The  oil  formed  by  the  decom¬ 
position  was  separated  from  the  liquid.  A  saturated  solution  of  ammonium  diloride  in  concentrated  hydrochlcvic 
acid  was  added  to  the  cooled  filtrate.  The  yellow  precipitate  was  filtered,  washed  with  hydrochloric  acid  and 
dried.  The  double  salt  (IV)  did  not  melt  below  200*.  The  yield  was  0.2-0.3  g  (6-7  <51)). 

Found  Cl  40.01,  39.56;  Sb  26.98,  27.07.  CioHaNClsSb.  Calculated  <5^;  Cl  39.02;  Sb  27.41. 

c)  Preparation  of  B  -naphthylantimonic  acid  (V).  1  g  of  the  double  salt  (IV)  was  decomposed  with  50  ml 
of  water.  The  naphthylantimonic  acid  which  was  precipitated  was  separated  and  washed  with  water.  It  was  a 
white  powder  which  did  not  melt  below  200*.  The  yield  was  0.62  g  (90<^). 

Found  Sb  40.41,  40.14.  CioH,OsSb.  Calculated  Sb  49.75. 

d)  Preparation  of  B  -naphthylstibine  dlchlOTide  (VI)  from  (V).  0.5  g  of  (V)  was  moistened  with  a  small 
quantity  of  alcohol  and  treated  with  12  ml  of  hydrochloric  acid  (2:1).  The  solution  was  filtered  and  1-2  crystals 
of  potassium  iodide  were  added  to  die  filtrate  which  was  then  saturated  with  sulfur  dioxide.  The  precipitated 
chloride  was  separated  and  dried  in  air.  The  yield  was  0.46  g  (85%);  the  m.  p.  was  102*. 

e)  Preparation  of  (VI)  from  the  double  compound  (HI).  1-2  crystals  of  potassium  iodide  were  added  to  the 
filtrate  obtained  by  the  decomposition  of  5  g  of  the  double  compound  (m)  in  100  ml  of  dilute  hydrochloric  acid 
(1 : 2)  and  it  was  then  reduced  widi  sulfur  dioxide  gas  at  0*.  The  precipitate  of  (VI)  which  was  formed  was  re¬ 
crystallized  from  petroleum  ether  and  dried  in  air.  The  yield  was  0.18  g  (about  8%),  the  m.  p.  was  102*. 

Found  %;  Cl  22.6,  22.0;  Sb  37.49,  37.35.  CioH7Cl2Sb.  Calculated  %:  Cl  22.18;  Sb  38.08. 

•  Carried  out  together  with  A.  P.  Shavikov. 
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f)  Preparation  of  6  -naphtfaylstibine  oxide.  5  ml  of  alcohol  and  20  ml  of  a  10<5b  aqueous  solution  of  ammonia 
were  added  to  0.5  g  of  (VI).  The  mixture  obtained  was  heated  for  half  an  hour  on  a  water  bath.  The  pink  crystals 
which  were  precipitated  were  separated  and  dried.  The  yield  of  0 -naphthylstibine  oxide  was  0.35  g(88<)b).  It 
melted  with  decomposition  at  160’. 

Found  Sb  45.14,  45.44.  C]gH70Sb.  Calculated  %:  Sb  45.98. 

g)  Formation  of  0 ,6  ’-dinaphthyl.  3  g  of  the  oil  obtained  by  the  decomposition  of  the  double  compound  (HI) 
was  boiled  in  50  ml  of  ald^ol  on  a  water  bath  for  10-15  min.  The  alcoholic  solution  was  filtered  hot  and  diluted 
with  water.  The  precipitate  formed  was  separated,  recrystallized  from  alcohol  and  dried  in  aii;  the  0  3  '~<li~ 
naphthyl  melted  at  187*.  The  yield  was  0.3  g. 

The  Reaction  of  0 -NaphthylhydrazlneHydrochloride  with  the  Double  Compound  of 
0  -  Na phthyldiazonium  and  Antimony  Trichloride  in  the  Presence  of  Cupric  Chloride 
in  a  Hydrochloric- Acid  Medium* 

Preparation  of  the  double  compound  (HI).  300  ml  of  hydrochloric  acid  (1 : 2),  1  g  of  cupric  chloride,  2  g 
of  ferric  chloride,  52.3  g  of  the  double  compound  0  -C10H7N2CI  *  SbCls  and  24.8  g  of  0  -naphdiylhydrazine  hydro¬ 
chloride  were  placed  in  a  vessel  with  a  mechanical  stirrer.  After  the  mixture  had  been  stirred  for  35-40  hrs  the 
precipitate  obtained  was  separated,  washed  with  dilute  hydrochloric  acid,  alcohol  and  ether.  The  yield  was  45- 
48  g  (51-54<^).  From  its  analyses,  properties  and  decomposition  products  the  substance  was  the  double  compound 
(HI). 

When  this  double  compound  was  decomposed  0  -naphdiylstibine  dichloride,  0  -naphthylstibine  oxide, 

0  -naphthylantimonic  acid,  the  double  salt  of  0  -naphdiylstibine  tetrachloride  and  ammonium  chloride  and  0  3 
dinaphthyl  were  formed. 


SUMMARY 

It  was  shown  that  the  method  we  had  previously  suggested  fra  obtaining  arylantimonic  compounds  may  be 
used  to  obtain  p-tolyl-0  -naphthylantimonic  compounds.  When  0  -naphthyl-  and  p-tolylhydrazines  react  with 
antimony  trichloride  the  main  reaction  products  are  primary  aromatic  antimony  compounds.  A  mechanism  for 
the  reaction  was  proposed. 
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STUDIES  IN  THE  CHEMISTRY  OF  2 , 1 ,3 -T  HIODI A  ZOLE 
V,  NITRATION  OF  SOME  MONO-  AND  DIHALO  DERIVATIVES  OF  BENZO-2,l,3-THIODIAZOLE 

V.  G.  Pesin  and  A.  M,  Khaletsky 


In  a  previous  communication  [1],  we  showed  that  benzo-2.1,3-thiodiazole  is  nitrated  under  conditions  usual 
for  aromatic  compounds  in  which  the  nitro  group  attaches  at  position  4. 


L.  S.  Efros  and  R.  M.  Levit  [2]  showed  that  in  sulfonation  of  benzo-2,l,3-thiodiazole  the  sulfo  group  also 
attaches  at  position  4. 


g  fuming 


SO3H 


Thus,  in  nitration  and  sulfonation,  the  thiodiazole  ring  admits  the  nitro-  and  sulfo-groups  respectively,  into 
position  4.  It  was  of  interest  to  study  the  effect  of  a  halogen  on  the  nitrating  reaction.  It  is  known  that  in  nitra¬ 
tion  of  chlorobenzene  a  mixture  of  the  p-  and  o-nitrochlorobenzenes  is  formed  with  marked  predominance  of  the 
p-isomer  [3]. 

Since  the  p-position  in  5-halobenzo-2,l,3-thiodiazole  is  occupied,  the  nitro  group  may  enter  positions  4 

and  6. 


//\'y 


N 


X—, 

X  =  Halogen 


(HI) 


Since  the  thiodiazole  ring  also  admits  the  nitro  group  into  position  4,  it  might  be  supposed  that  the  nitration 
of  5-halobenzo-2,l,3-thiodiazole  would  favor  formation  of  4-nitro-5-halobenzo-2,l,3-thiodiazole  (II);  this  was 
indeed  confirmed  by  us. 
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In  the  case  of  nitration  of  5,7-dihalobenzo-2,l,3-r.hiodiazole,  it  appeared  more  probable  that  4-nitro-5,7- 
-dihalobenzo-2,l,3-thiodiazole  would  be  formed,  as  was  actually  observed. 


NOa 

IM  I 

^11  \  hno,  I  I 


N. 


X  =  halogen 


X 

(tvj 


(V) 


The  position  of  the  nitro  group  in  the  derivatives  cited  was  verified  by  us  through  converse  synthesis. 

In  the  reduction  of  5-halo-4-nitrobenzo-2,l,3-thiodiazoles(II)  with  iron  filings  in  the  presence  of  2  %  acetic 
acid,  5-halo-4-aminobenzo-2,l,3-thiodiazoles  (VI)  were  obtained,  which  were  converted  by  halogenation  into 
5,7-dihalo-4-aminobenzo-2,l,3-thiodiazoles  (VII),  identical  in  their  properties  both  as  reduction  products  of  5,7- 
-dihalo  -4-nitrobenzo-2,l,  3-thiodiazoles  (V)  and  as  halogenation  products  of  4-aminobenzo-2,l,3-thiodiazole 
(VIII). 


NO;: 


NOv! 
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\J1. 


NHa 
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The  position  of  the  nitro  group  in  (II)  is  also  indicated  by  the  fact  that  the  reduction  products  of  the  latter, 
namely  (VI),  are  not  identical  with  6-halo-5-aminobenzo-2,l, 3-thiodiazoles  (IX)  obtained  by  halogenating  4- 
-aminobenzo-2,l,3-thiodiazole  (X), 


< 


X. 


HgN- 

X— 


<\) 


nxt 


Chlorination  of  4-amino-5-chlorobenzo-2,l,3-thiodiazole  (VI)  was  effected  with  dichloroa mines  in  an 
acetic  acid  medium  in  the  presence  of  concentrated  hydrochloric  acid;  bromination  of  4-amino-5-bromobenzo- 
2,1,3 -thiodiazole  (VI)  was  done  with  bromine  in  acetic  acid  medium. 


The  initial  halogen-  and  dihalobenzo-2,l,3-thiodiazoles  were  obtained  by  reaction  of  4-halogen-  and  4,6 
dihalogen-1, 2-diaminobenzene  with  thionylaniline  through  our  development  of  the  earlier  reactions  of  aromatic 
o-diamines  with  thionylaniline  [4]. 


-H2C„HiNSO  — > 

1  1  ^ 

ll^^j-NH2 

xYyV 
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-*-2C„H5NH2-hS02 


2657 


EXPERIMENTAL 


4-Nitro-5-chlorobenzo-2,l,3-thiodiazole.  A  nitrating  mixture  consisting  of  1  ml  concentrated  nitric  and 
3  ml  concentrated  sulfuric  acid  was  added  at  0*  with  vigorous  stirring  during  0.5  hr  to  2.5  g  6-chlorobenzo-2,l,3- 
-thiodiazole  (m.p.  57.5*)  [5]  in  10  ml  concentrated  sulfuric  acid;  after  which  the  reaction  mixture  was  stirred  for 
45  min.  at  20*.  After  the  reaction  product  was  p)oured  off  into  Ice  water,  the  separated  precipitate  was  filtered 
and  washed  with  cold  water  until  reaction  was  neutral.  On  crystallization  from  50*  alcohol,  2.9  g  of  a  yellowish 
substance  of  m.p.  141*  (91.8%)  was  obtained. 

Found  %;  N  19.67,  19.70;  Q  16.74,  16.60.  CjHjOjNsSa.  Calculated  %:  N  19.5;  Q  16.47. 

4-Amino-5 -chlorobenzo-2,l,3-thiodiazole.  0.3  ml  acetic  acid  and  1.15  g  4-nitro-5-chlorobenzo-2,l,3- 
-thiodiazole  (m.p.  141*)  were  successively  introduced  into  a  mixture  of  4  g  iron  shavings  and  25  ml  water  heated 
to  boiling  point  with  vigorous  stirring.  After  5  min  boiling  and  subsequent  cooling,  the  precipitate  was  filtered, 
washed  with  water,  extracted  with  ether,  and  the  solvent  evaporated  from  the  ether  filtrate.  We  obtained  0.75  g 
of  crystalline  substance  which  after  recrystallization  from  hot  water  melted  at  92*.  A  sample  mixed  with  the  pro¬ 
duct  obtained  from  the  chlorination  of  5-aminobenzo-2,l,3-thiodiazole  melted  at  92-102*. 

Found  %:  N  22.64,  22.44;  Q  19.20,  19.37.  C,H4N3SC1.  Calculated  %:  N  22.64;  Q  19.14. 

4-Nitro-5-bromobenzo-2,l,3 -thiodiazole.  A  mixture  of  4.1  ml  concentrated  nitric  and  13  ml  concentrated 
sulfuric  acid  was  gradually  added  to  a  solution  of  10.35  g  5-bromobenzo-2,l,3-thiodiazole  (m.p.  61*)  [5]  in  45  ml 
concentrated  sulfuric  acid  at  0*.  After  the  reaction  mixture  was  stirred  for  15  min  at  0*  and  for  45  min  at  20*,  the 
reaction  product  was  poured  into  ice  water,  the  separating  yellowish  precipitate  was  filtered,  washed  with  water 
until  reaction  was  neutral,  and  recrystallized  from  50*  alcohol.  11,5  g  (92  %)  substance  was  obtained  of  m.p.  122*. 

Found ‘yce  N  16.28,  16.06;  Br  31,38,  31.12,  CeHiOjNjSBt,  Calculated  %;  N  16.15;  Br  30,77. 

4-Amino-5-bromobenzo-2,l,3-thiodiazole.  This  was  obtained  in  the  same  way  as  the  4-amino-5-chloro- 
benzo-1, 2,3 -thiodiazole.  From  1.2  g  4-nitro-5-bromobenzo-2,l,3-thiodiazole  0.85  g  of  substance  was  obtained 
which,  after  recrystallization  from  hot  water,  melted  at  114*.  A  sample  mixed  with  the  bromination  product  of 
5-aminobenzo-2,l,3-thiodiazole  melted  at  85-100*. 

Found  %;  N  18.50,  18.42;  Br  34.79,  34.54.  CgHjNjSBr.  Calculated  %;  N  18.26;  Br  34,78. 

4 -N itro-5 ,7 -dichlorobenzo-2, 1,3 -thiodiazole .  A  mixture  of  3  ml  concenuated  nitric  and  9  ml  concentrated 
sulfuric  acid  was  gradually  added  at  o*  with  constant  stirring  to  a  solution  of  7.3  g  of  commercial  4,6 -dichloro¬ 
benzo-2, 1,3 -thiodiazole  (m.p.  93-97*)  in  42  ml  concentrated  sulfuric  acid.  After  stirring  for  15  min  at  0*  and  for 
30  min  at  20*,  the  reaction  product  was  transferred  to  ice  water,  and  the  separating  precipitate  was  filtered,  washed 
with  water  to  neutral,  and  dried.  After  recrystallization  from  50*  alcohol,  the  substance  had  m.p,  127-128*;  yield 
quantitative. 

Found  %;  N  16.75,  16.99;  a  28.71,  28.59.  CsHjOjNsSa*.  Calculated  %:  N  16.80;  Q  28.40. 

4-Amino-5.7-dichlorobenzo-2,l,3-thiodiazole.  1  g  4-nitro-5,7-dichlorobenzo-2,l,3-thiodiazole  was  in¬ 
troduced  into  a  boiling  mixture  of  4  g  iron  filings,  25  ml  water,  and  0.5  ml  acetic  acid,  and  the  reaction  mixture 
was  heated  to  the  boiling  point  with  vigorous  stirring  for  5  minutes.  After  cooling,  filtering  the  precipitate,  and 
washing  it  with  water,  the  product  was  extracted  with  ether.  When  the  ether  was  driven  off  from  the  filtrate,  0.78 
g  of  substance  was  obtained;  after  this  was  purified  by  boiling  with  dilute  hydrochloric  acid  (2  :  1)  in  the  presence 
of  carbon,  and  after  it  was  alkalized  with  ammonia  and  washed  with  water,  it  melted  at  171*.  A  sample  mixed 
with  the  chlorination  product  of  4-aminobenzo-2,l,3-thiodiazole  (m.p,  172,5-173*)  melted  at  171-172". 

Chlorination  of  4-amino-5-chlorobenzo-2,l,3 -thiodiazole.  1.5  ml  of  concentrated  hydrochloric  acid  and 
6  ml  of  acetic  acid  were  gradually  added  at  12*  (with  stirring)  to  a  mixture  of  this  thiodiazole  (m.p.  92*)  with  6 
ml  of  98  %  acetic  acid  and  0.65  g  dichloroamine.  After  stirring  an  hour,  the  precipitated  4-amino-5,7-dichloro- 
benzo-2,l,3-thiodiazole  was  filtered,  washed  with  50  %  acetic  acid  and  water,  and  recrystallized  from  alcohol. 

The  yellow  needles  of  m.p.  171*  were  soluble  in  alcohol,  ether,  acetic  acid,  and  other  organic  solvents,  but  not 
soluble  in  water. 

Found  %;  N  19.06,  18.74;  a  32.13,  32,18.  CeHjNjSaj.  Calculated  %;  N  19,10;  Cl  32,27, 

4-Nitro-5,7-dibromobenzo-2, 1,3 -thiodiazole.  A  nitrating  mixture  of  17  ml  concentrated  sulfuric  and  5,7 
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ml  concentrated  nitric  acid  was  slowly  added  at  0*  with  stirring  to  a  solution  of  20  g  4,6-dibromobenzo-2,l,3- 
-thiodiazole  (m.p.  127-128*)  in  70  ml  of  concentrated  sulfuric  acid.  After  45  min  stirring  at  20-25*  and  standing 
overnight,  the  reaction  product  was  placed  in  ice  water;  the  separating  precipitate  was  removed,  washed  with 
water  until  neutral,  and  dried.  22,3  g  of  substance  was  obtained  with  m.p,  155.5-156*  (after  recrystallization  from 
50*  alcohol);  yield  97  '^o. 

Found  lot  N  12.38,  12,47;  Br  47.28,  46,89,  CgHsOjNsSBrj,  Calculated  °k  N  12.36;  Br  47.20. 

4- Amino-5,7-dlbromobenzo-2,l,3-thiodiazole.  3  g  4-nitro-5,7-dibromobenzo-2,l,3-thiodiazole  (m.p. 
155.5-156*)  was  Introduced  into  a  boiling  mixture  of  1.5  ml  acetic  acid,  75  ml  water,  and  12  g  iron  filings,  and 
the  reaction  mixture  heated  to  the  boiling  point  with  vigorous  stirring  for  2-3  minutes;  after  this  it  was  cooled 
in  ice.  After  the  precipitate  was  separated,  washed  with  water,  extracted  with  ether,  and  the  latter  removed,  2.5 
g  of  a  reddish -yellow  substance  was  obtained  (m.p.  160*  after  recrystallization  from  50*  alcohol). 

Bromination  of  4-amino-5-bromobenzo-2,l,3-thiodiazole.  0.77  g  of  this  substance  in  6  ml  acetic  acid  was 
subjected  to  bromination  with  a  solution  of  0,2  ml  bromine  in  5  ml  acetic  acid  for  15  minutes.  After  stirring  an 
hour,  the  separating  precipitate  of  4-amino-5,7-dibromobenzo-2,l,3-thiodiazole  was  filtered,  washed  with 
50  ’’Jo  acetic  acid,  and  recrystallized  from  alcohol.  Orange -colored  crystals  of  m.p.  162-163*  were  obtained,  which 
showed  no  depression  in  a  test  mixed  with  the  substance  obtained  by  brominating  4-aminobenzo-2,l,3-thiodiazole. 

Found N  13.01;  13.09;  Br  52.15,  51.66.  CgHaNsSBr^.  Calculated  <7o;  N  13.60;  Br  51,78, 

5- Bromo-  and  4,6-dibromobenzo-2,l,3-thiodiazoles.  a)  Thionylaniline.  A  solution  of  400  ml  thionyl  chlor¬ 
ide  in  400  ml  toluene  was  added ,  with  vigorous  stirring,  to  370  g  aniline  and  370  g  dry  toluene  at  the  temperature 
of  50-60*  (temperature  of  oil -bath),  at  such  a  rate  that  the  temperature  did  not  rise  above  that  level.  After  addition 
of  about  one -third  of  the  thionyl  chloride,  the  bath  was  heated  up  to  100*,  and  at  this  temperature  the  remainder 

of  the  thionyl  chloride  was  gradually  added.  After  25-30  hrs  heating,  the  reaction  product  was  pre -filtered  through 
glass  wool,  and  the  clear  filtrate  distilled  in  vacuum.  468  g  of  thionylaniline  was  obtained,  of  m.p.  198-200*; 
yield  about  85  %. 

b)  4-Bromo-l,2-diaminobenzene  [6],  10  g  4-bromo-2-nitroaniline  (m.p.  110-112*)  was  added  in  small 
lots  with  vigorous  stirring  for  1  hr  to  a  hot  solution  (bath  temperature  60*)  of  39  g  stannic  chloride  in  80  ml  con¬ 
centrated  hydrochloric  acid.  After  stirring  for  one  hour  at  the  same  temperature  the  reaction  mass  was  cooled  and 
introduced  into  300  ml  of  30  %  caustic  soda.  The  separating  4-bromo-l,2-diarninobenzene  was  extracted  with 
ether,  and  the  ether  evaporated.  7.5  g  (88.1  ^o)  of  light -brown  crystals  was  obtained. 

c)  5 -Bromobenzo-2, 1,3 -thiodiazole .  7.5  g  commercial  4-bromo-l,2-diaminobenzene,  12  ml  dry  toluene, 
and  12  ml  thionylaniline  were  heated  with  stirring  over  a  boiling -water  bath  for  1  hr,  after  which  the  toluene  was 
evaporated.  The  precipitate  was  treated  with  4  %  dilute  hydrochloric  acid,  the  separating  product  was  filtered, 
washed  with  5  hydrochloric  acid  and  water,  and  recrystallized  from  60*  alcohol.  Yield  96.5  ^Jo,  m.p.  61*.  The 
colorless  needles  were  insoluble  in  water,  but  soluble  in  alcohol,  ether,  benzene,  and  other  organic  solvents. 

Found  %:  C  33,14,  33.93;  H  1.69,  1.49;  N  12,40,  12.44;  S  14.43,  14.93;  Br  37.56,  37.84.  CeHjNjSBr. 

Calculated  C  33.50;  H  1.39;  N  13,02;  S  14.89;  Br  37,18, 

d)  4,6-Dibromobenzo-2,l,3-thiodiazole.  50  g  commercial  3,5-dibromophenylenediamine  (m.p.  76-78*) 
obtained  by  the  method  of  Jackson  and  Beggs  [7],  50  ml  dry  toluene,  and  54.4  g  thionylaniline  were  heated  for 
1  hr  over  the  boiling -water  bath  with  vigorous  stirring;  on  cooling,  the  separating  crystals  were  filtered  off  and 
washed  with  alcohol.  44.82  g  of  crystals  with  m.p.  108-122*  was  obtained,  and  1,2  g  (98  %)  crystals  with  m.p. 
108-122*  was  obtained  from  the  mother  liquor.  After  recrystallization  from  alcohol,  the  m.p.  was  127-128*.  The 
colorless  needles  were  insoluble  in  water,  but  soluble  in  organic  solvents. 

Found  %  N  9.21,  9.43;  S  10,67,  10.47.  CsHjNjSBtj.  Calculated  %;  N  9.52;  S  10.88. 

SUMMA  RY 

1.  Theearlier  reaction  developed  by  us  for  nitrating  benzo -2, 1,3 -thiodiazole  [1,  8]  has  been  extended  to 
4-chloro-  ,  5-bromo-,  5,7-dibromobenzo-2,l,3-thiodiazoles. 

2,  It  has  been  shown  that  in  nitration  of  these  halobenzo-2,l,3-thiodiazoles  the  nitro  group  disjdaces  hy¬ 
drogen  in  the  C4  position  with  90-95  ^jo  yields  of  the  corresponding  nitro  derivatives. 
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3.  It  has  been  shown  that  in  the  reduction  of  the  nitrohaloderlvativesof  benzo-2,l,3-thiodiazole,  the  cor¬ 
responding  amines  are  formed  in  yields  of  80-85%. 

4,  It  has  been  shown  that  in  chlorinating  4-amino-5-chlorobenzo-2,l,3-thiodiazole,4-amino-5,7-dichloro- 
benzo-2,l,3-thiodiazole  is  formed,  and  in  brominating  4-amino-5-bromobenzo-2,l,3-thiodiazole,4-amino-5,7- 
-dibromobenzo-2,l,3-thiodiazole  is  likewise  formed. 
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